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Adaptation of the Gamification User Types Hexad Scale into Turkish

Ozcan Erkan Akgiin'"2, Murat Topal *'2"
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Abstract: The aim of this study is to adapt the Gamification User Types ARTICLE HISTORY
Hexad Scale (GUTHS) created based on Marczewski’s (2015) user type hexad Received: 01 January 2018
framework and validated by Tondello et al. (2016) into the Turkish context. ) ’ . y
The original scale consists of six dimensions, each of which has four items. ~ Revised: 23 April 2018
The dimensions — and the user types that they refer to — are “Free spirit,” Accepted: 30 April 2018
“Socializer,” “Achiever,” “Philanthropist,” “Player,” and “Disruptor.” It is the
motive of this study that identifying and studying these user types may prove KEYWORDS
useful for understanding the effects of gamification dynamics and mechanics

and assist in designing specific gamification techniques corresponding to each User type hexad framework,
user type. The adaptation of the instrument began with translation, continued

with an examination of the linguistic equivalence, and finalized with analyses Gamification,
of validity and reliability. The scale items were initially translated by the User Types,
researchers. The translation was examined by seven experts with good English Scale,
proficiency to finalize the Turkish version. To verify the linguistic Game

equivalence, both the Turkish and English versions were then administered to
30 English Language Education (ELE) students. The correlation findings
showed a high degree of correlation between the Turkish and English versions.
Next, the Turkish version was administered to 452 university students
studying at the Faculty of Education, Sakarya University, to check its validity
and reliability. The results obtained from a confirmatory factor analysis and
the reliability analysis indicate that the Turkish version of the scale is valid
and reliable. It is recommended to use the translated scale in research
especially on determining the effects of factors related to user types and on
designing more affective gamification strategies.

1. INTRODUCTION

Employment of new digital strategies might be effective in using present technologies in
education, provided that such strategies determine how to use software and technology to
develop in-class and out-of-class teaching and learning (Johnson et al., 2014). Gamification,
widely used in bussiness and marketing, is considered among new digital strategies and a new
method leading to active and continuous student engagement (Johnson et al., 2014).
Gamification is mainly considered as a strategy to create interest in instruction, rather than as a
strategy for efficiency and effectiveness (Reigeluth, 2013). Even so, it still carries a potential

CONTACT: Murat Topal I mtopal@sakarya.edu.tr [=1 Sakarya Universitesi, Egitim Fakiiltesi, E Blok, Oda
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to directly impact the “individual performance of the learner.” Therefore, gamification may
significantly contribute to the effectiveness of instruction, because it is considered an interesting
and effective strategy to motivate students during instruction by some researchers (Lee &
Hammer, 2011).

Although the use of games in education is an old practice, the concept of gamification (or
gameful design) was first introduced by Nick Pelling in 2002 (Marczewski, 2013).
Gamification term was first mentioned in the literature in 2008, and it became popular in the
second half of 2010 through conferences and applications (Deterding et al., 2011). Gamification
can simply be defined as the use of thought processes, mechanics and dynamics to ensure the
engagement of users and to solve problems (Zichermann & Cunningham, 2011 ). Another
definition of gamification is the use of computer game mechanics, dynamics and structures to
achieve the targeted learning and it is believed to become a million-dollar industry in the fields
of politics, health and marketing (Macmillan, 2011; Wu, 2012). According to Bunchball (2010),
it is a strategy used to motivate individuals - such as customers, employees and patients, as well
as students - and influence their behaviors. In short, the target audience of gamification is any
group of people; and the aim of gamification is to sustain the engagement of the target group to
achieve a desired behavior (Bunchball, 2010).

Gamification in education aims to help integrate and use gaming elements that make
computer games fun in learning and teaching processes, thereby increasing the participation of
students in learning and teaching activities, leading to a more entertaining instruction (Simoes,
Redondo & Vilas, 2013). The “fun” factor mentioned here allows users or students to focus on
solving the real problems in life using the motivational potential of computer games (Lee &
Hammer, 2011) because computer games can help individuals use their problem-solving skills
voluntarily for several hours in the game environment (Gee, 2008). Gamification is designed
by integrating game mechanics and dynamics into non-gaming related situations. Game
mechanics are different activities, desired behaviors and control mechanisms in processes that
are used for gamifying tasks. Game dynamics are associated with the individual desire and
motivation that arises as a result of a gamified process (Bunchball, 2010).

It can be argued that learning and teaching processes already contain certain gamification
elements. For example, a student who completes his or her homework properly earns points as
a reward, and each of these points is called a “grade” (good, very good, etc.), instead of a
“badge,” and if a student fulfills the desired achievement, she or he moves to a higher level at
the end of the academic year by passing to a higher grade. As seen in the example above, the
school system includes certain basic gamification experiences (Lee & Hammer, 2011).
However, schools may not be capable of helping students achieve the desired engagement (Lee
& Hammer, 2011). In such situations, gamification is considered as an interesting and effective
strategy to motivate students in instructional settings. However, adaptation of gamification into
educational settings as a strategy requires the scrutiny of educational scientists as well as the
identification and use of appropriate instructional methods. Simply using points and rewards
and attempting to gamify without comprehension of the real reasons behind the educational
problems might fail to motivate learners and might impede efficient learning (Lee & Hammer,
2011). Moreover, gamification is more than just adding game dynamics and mechanics such as
badges and leaderboards to a learning material and waiting for users to utilize these elements
(Y1lmaz, 2015). That is, arbitrarily adding gamification elements to an educational environment
does not mean that the said environment has been gamified.

Gamification experts claim that gamification designs should include a self-sustaining
game cycle, as in digital game designs (Werbach & Hunter, 2012; Chou, 2015). It is important
to have knowledge of user types and characteristics to be able to design an efficient game cycle.
It is necessary to identify and adequately use appropriate gaming elements. To do that, the
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gaming elements should target the needs and characteristics of learners, as the target audience.
Gamification may not motivate people in educational settings without knowing the actual
causes behind the educational problems. Moreover, gamification focuses on engagement and
motivation. If the educational problem cannot be eliminated by improving learner engagement
and motivation, gamification will not be a useful method, either. Another important point here
is that it is necessary to know what motivates people. Recent research on gamification shows
that a poor implementation may lead to a failure of students to achieve goals (Hamari, Koivisto
& Sarsa, 2014; Nacke & Detering, 2017). Personalized gamification applications targeting user
motivation provide better results than the one-size-fits-all approaches (Tondello et al., 2016).
Moreover, recent studies suggest that personalized gamification applications show better results
on motivation (Foucault et al., 2018), emotional engagement (Mora et al., 2018), and perceived
persuasiveness (Tondello, Orji & Nacke, 2017; Orji, Tondello & Nacke, 2018; Orji, Nacke &
Marco, 2017). To this end, the Gamification User Types Hexad Scale (GUTHS) created based
on Marczewski’s (2015) user type hexad framework and validated by Tondello et al. (2016)
aims to determine user types. The scale not only provides identification of user profiles, but
also recommendations on motivational factors and appropriateness of gamification elements
for any given user profile. Based on the said properties of the scale, the present study was
conducted to adapt the scale to the Turkish language and culture to provide contribution to the
literature in Turkish.

2. METHOD

The adaptation of the scale began with an initial translation. The initial translation was
carried out by the authors. Next, seven experts reviewed the initial translation. Two of these
experts had Ph.D. degrees in English language, one in measurement and evaluation, one in
Turkish language, one in educational psychology, and two in educational technology. Based
on the experts’ opinions, 10 items were accepted without modification, and 14 items were
rewritten. A consensus was established among the experts, and a pilot questionnaire form was
designed.

2.1. Sample

The scale created based on Marczewski’s (2015) user type hexad framework and
validated by Tondello et al. (2016) based on the data obtained from the graduate and
undergraduate students at the University of Waterloo, Canada. To mimic the conditions, we
used the convenience sampling method in the present study. There were no specific criteria for
selecting participants in the convenience sampling. We tried to reach all freshmen students and
invited them to voluntarily participate in the study. To test the linguistic equivalence, the
sample included 30 junior and senior students attending the English Language Education
(ELE) program of Sakarya University in Turkey. To carry out validity and reliability analyses,
we collected data from a total of 452 freshmen students who were attending courses at Sakarya
University, Faculty of Education, in fall 2016. These students were from the following
departments: 65 students from Computer Education and Instructional Technology, 52 from
Science Education, 31 from Mathematics Education, 46 from Pre-School Education, 43 from
Special Education, 57 from Psychological Services in Education Department, 55 from
Elementary Education, 49 from Social Studies Education, and 54 from Turkish Language
Education.

2.2. The Original Scale

GUTHS validated based on Marczewski’s (2015) user type hexad framework of
Marczewski (2015). Tondello et al. (2016) was developed GUTHS to create and validate a
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survey to assess an individual’s Hexad user type and verify the association between the Hexad
user types and the game design elements that suggested by Marczewski’s (2015) research.
Because of GUTHS (Tondello et al., 2016) has a validaty and reliability our research focus on
adaptation of this assesment tool. The aim of the scale is to match commonly used and popular
gaming elements with certain user profiles suggested on the research of Marczewski’s (2015).
Thus, the scale aims to select appropriate gamification elements based on the characteristics
of a target audience and individualize the design of gamification when designing gamification
systems. GUTHS has focused on six user types — and six elements that motivate these user
types — while creating the scale. The first type, “Philanthropists,” is the type of users who are
humanitarian and like to help others. “Socializers” tend to prefer being social. “Free Spirits”
prioritize their freedom. “Achievers” like to overcome obstacles and difficulties. “Players” like
to play games that motivate using rewards. The sixth and the final type of users, “Disruptors,”
like to obstruct, interfere and sabotage things. The scale includes 24 items, with four items in
each factor. In the Turkish version, the factors of the scale were translated to have the same
meanings as those of the original scale. The Cronbach’s alpha internal consistency coefficients
of the factors in the original scale were as follows: Philanthropist: .89, Socializer: .83, Free
Spirit: .72, Achiever: .75, Player: .69, and Disruptor: .73. Tondello et al. also utilized the test-
retest reliability method to measure the reliability of the instrument.

Tondello et al. (2016) preferred expert opinions to check the content validity of the scale.
They designed a workshop at the Austrian Institute of Technology to determine the item pool
of GUTHS by a group discussion based on the research of Marczewski (2015). The preliminary
form created earlier by Tondello et al. (2016) was modified and finalized based on the views
of six experts who were specialists in scale development and game mechanics.

In order to check the criterion validity, Tondello et al. (2016) selected three different
instruments, each as a criterion. The first one of these instruments had game elements and was
frequently used in the field of gaming and gamification (see Table 1). They chose this as a
criterion because personalization could be used in game/gameful designs to tailor users’ game
or interaction mechanics (Tondello et al., 2016). The correlation between the scores obtained
for each 7-point Likert-type item in the instrument that included the 32 game elements and the
user types that suggested by the research of Marczewski (2015) was examined. The distribution
of game elements based on the obtained correlation values is given in Table 1.

Previous studies have shown that there is a relationship between personality and player
behavior in video games (Johnson & Gardner, 2010; Yee et al., 2011). Starting from this fact,
the second instrument Tondello et al. (2016) selected as a criterion was the Five Factor
Personality Scale developed by Rammstedt and John (2007). This scale had five factors:
extraversion, agreeableness, conscientiousness, neuroticism, and openness to experience. The
factors of the scale were matched with the factors of GUTHS (Tondello et al., 2016) that
created based on Marczewski’s (2015) user type hexad framework. The correlations between
the factors of the two scales are presented in Figure 1.

The “Balanced Inventory of Desirable Responding (BIDR)”, developed by Winker,
Kroh, and Martin (2006) was selected as the third criterion to also check the criterion validity
by Tondello et al. (2016). This was the short version of an earlier instrument developed by
Paulhus (1994). It has been reported in the literature that the scale is used to verify and assess
the objectivity of individuals’ self-declarations (Winker, Kroh & Martin, 2006). The scale has
two dimensions. One dimension measures the positive exaggeration of honest response
tendencies (increase in self-deception), while the other measures the tendency of individuals
to construct themselves in a premeditated manner for their audiences (Tondello et al., 2016).
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Correlation analyses were conducted on the data obtained from all the abovementioned
scales (on each dimension of all scales) and Tondello et al. (2016) stated that the analysis
results supported the hypothesized theories.
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Figure 1. Relationships between factors of Big Five Personality Traits Scale (Rammstedt & John, 2007)

and Marczewski’s (2015) user types.

*Correlations with neuroticism are negative, other correlations are positive. All correlations indicated weak
relationships (values ranging from .14 to .29) and were significant at .05 level.

2.3. Factors of the scale and sample items

Table 1 summarizes the factors and the corresponding scale items, game elements and
factor definitions included in GUTHS, which was created based on Marczewski’s (2015) user
type hexad framework and validated by Tondello et al. (2016).

Table 1. Factors, scale items, related game elements and factor definitions of GUTHS created based
on Marczewski’s (2015) user type hexad framework

Factor/User Suggested game
Type Scale items elements Definition
Philanthropist 1.1 like helping others - Collection and - Philanthropists are motivated by
(4 items) to orient themselves Trading purpose. They are altruistic and
in new situations. - Gifting willing to give without expecting a
3. The well-being of - Knowledge reward.
others is important sharing

to me.
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Factor/User Suggested game
Type Scale items elements Definition
13. 1t makes me happy - Administrative
if 1 am able to help roles
others.
22.1 like sharing my
knowledge.
Socializer 5.1t is importantto me - Guilds or Teams - Socializers are motivated by
(4 items) to feel like I am part - Social networks relatedness. They want to interact
of a community. - Social with others and create social
10. 1 enjoy group comparison or connections.
activities. pressure
18.1 like being partofa - Social
team. competition
20. Interacting with - Social discovery
others is important
to me.
Free Spirit 2.1 like to try new - Exploratory - Free Spirits are motivated by
(4 items) things. tasks autonomy, meaning freedom to
6. Being independent - Nonlinear express themselves and act without
is important to me. gameplay external control. They like to create
9.1t is important to me - Easter eggs and explore within a system.
to follow my own - Unlockable or
path. rare content
11.1 often let my - Creativity tools
curiosity guide me. - Customization
Achiever 12.1 like overcoming - Challenges - Achievers are motivated by
(4 items) obstacles. - Certificates competence. They seek to progress
16. It is difficult forme - Learning within a system by completing
toletgoofa - Quests tasks, or prove themselves by
problem before | - Levels or tackling difficult challenges.
have found a Progression
solution. - Boss battles
17. 1t is important to me
to always carry out
my tasks
completely.
23.1 like mastering
difficult tasks.
Disruptor 14.1 like to question the - Innovation - Disruptors are motivated by the
(3 items) status quo. platforms triggering of change. They tend to
15.1 dislike following - Voting disrupt the system either directly or
rules. mechanisms through others to force negative or
19.1 see myself as a - Development positive changes. They like to test
rebel. tools the system’s boundaries and try to
- Anonymity push further.
- Anarchic
gameplay
Player 4.1 like competitions - Points - Players are motivated by extrinsic
(3 items) where a prize can be - Rewards or rewards. They will do whatever to
won. Prizes earn a reward within a system,
7.Return of - Leaderboards independently of the type of the
investment is - Badges or activity.

important to me.

Achievements
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Factor/User Suggested game
Type Scale items elements Definition
24.Rewards are agreat - Virtual economy
way to motivate me. - Lotteries or
Games of
chance
* This table was prepared using the study of Tondello et al. (2016: pp. 231-243).

2.4. Interpretation of the data collected using the scale

Once factor scores are calculated using the data obtained through GUTHS, the factor
with the highest score shows the dominant user type of an individual (Tondello et al., 2016).
Two items were excluded from the adapted scale. The obtained scores were converted into
percentages with the following formula to determine each individual’s dominant user type:

Score of the Factor

Dominant User Type S = x 100
orunant yser fype ocore The Highest Possible Score of the Factor

2.5. Data Collection and Analysis

Data were collected from the participants through paper-and-pencil form after they were
given information about the purpose of the study. Each participant filled a scale application
form during the data collection. The filled forms were reviewed to eliminate the forms with
items that were not marked or had multiple marks per item. Such forms were excluded from the
study. The subsequent analyses were conducted on the dataset that included the remaining 417
forms.

A confirmatory factor analysis (CFA) was conducted to determine the construct validity
of the instrument. The convergent and discriminant validities were examined. In order to
determine the reliability of the scale, the Cronbach’s alpha coefficient was calculated.

3. FINDINGS

This section presents the results on the linguistic equivalence, CFA, convergent validity,
discriminant validity and Cronbach’s alpha reliability of the Turkish version of the scale.

3.1. Linguistic Equivalence

In order to examine the linguistic equivalence of the GUTHS, the English original and
the translated version of the scale were administered to 30 junior and senior students in the ELE
program. The resultant Pearson correlation coefficients between each of the items of the scales
are presented in Table 2.

All the correlations between the Turkish and English items presented in Table 2 were
significant (p<.05), positive and with coefficients greater than .30. It was found that the
correlation coefficient between the total scores of the Turkish and English versions was .94.
The above mentioned findings demonstrated that the responses given by the participants in the
Turkish and English versions of the scale were equivalent.
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Table 2. Correlation coefficients for comparing the linguistic equivalence of GUTHS versions

Item number r Item number r
1 .85 13 .90
2 .60 14 71
3 .89 ' - 15 .73
4 .60 16 .64
5 .65 17 .66
6 .66 18 .84
7 .69 19 .80
8 .82 20 .61
9 .83 21 g1
10 .82 22 .67
11 81 23 .93
12 .83 24 .79
Dimensions Dimensions

Philanthropist 81 Achiever .89
Socializer .85 Player .86
Free Spirit .88 Disruptor .79

3.2. Confirmatory Factor Analysis

As mentioned earlier, the six-factor structure of the Turkish version of the scale, as in
the original scale, was confirmed by expert opinions. A CFA was also conducted using the
data collected from the 417 undergraduate students to further verify this six-factor structure.
During the analysis, two items (items 7 and 21) were found to load weakly on their relevant
latent variables (the factors) and have high error rates. These items were removed, and the
analysis was replicated after these items were removed from the model. The resultant
goodness of fit values are shown in Table 3 along with perfect and acceptable fit values from
the literature for comparison.

Table 3. CFA results of GUTHS

Fit Index Perfect Fit Values Acceptable Fit Values Values from CFA
Y*ISD 0<yldf<2 2 <yildf<3 2.742

GFI 95 <GFI<£1.00 90 <GFI<.95 .90

AGFI 90 <AGFI<1.00 85 <AGFI<£.90 .86

CFlI 95 <CFI<1.00 90 <CFI<.95 97

NFI 95 <NFI<1.00 90 <NFI<.95 .95
RMSEA .00 <RMSEA <.05 .05 <RMSEA < .08 .06
SRMR .00 <SRMR <.05 .05 <SRMR <£.10 .05

The minimum Chi-square value based on the CFA was 4?=531.97, SD=194, p<0.01, and
the ratio of the Chi-square to the degree of freedom was 2.742, indicating a significant
deviation from an acceptable fit. We believe that the deviation was due to the sample size. A
review of the other goodness of fit values demonstrated that the AGFI, GFI, CFI, NFI, and
RMSEA values were in the acceptable fit range, and the SRMR value was in the perfect fit
range (Bentler & Bonett, 1980; Marsh et al., 2006; Schermelleh-Engel & Moosbrugger, 2003;
Byrne & Campbell, 1999). These values based on the CFA indicated that the data fit the six-
factor structure as specified in the model These values indicated that the observed construct of
the scale was compatible with the expected construct, thus the scale had an acceptable
construct validity. However, the 2 items mentioned above that were included in the original
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scale were excluded from the Turkish version. Factor loadings of the six-factor model are
presented in Figure 2.
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Figure 2. CFA results and Path Diagram of the Turkish version of GUTHS (Phi=Philantropsist,
Soc=Socialiser, Free=Free Spirit, Ach=Achiever, Disr=Disruptor, Play=Player)
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3.3. Convergent and Discriminant Validities

The scale was tested for convergent validity and discriminant validity. For the
convergent validity, the average variance extracted (AVE) values were as follows:
Philantropist: .57, Socializer: .61, Free Spirit: .53, Achiever: .61, Disruptor: .51, and Player:
.69. Since the values were greater than .50, the findings indicated an acceptable level of
convergent validity (Fornel & Larcker, 1981).

For the discriminant validity, square roots of the AVE values were calculated (see the
diagonal values in bold in Table 4). Fornel & Larcker (1981) stated that square root values
higher than .50 and higher than the correlations between the other factors in the same column
of each factor may be an evidence for discriminant validity. Table 4 shows the correlations
between the factors, in addition to the square roots of the AVE values. As can be seen in the
table, the square root values are the greatest values in their respective columns. These findings
indicated that the discriminant validity of the instrument was acceptable.

Table 4. Correlation between the square roots of AVE values of the GUTHS factors

Philantropist Socializer Free Achiever Disruptor Player
Spirit
Philantropist 75
Socializer .63 .78
Free Spirit .63 .54 72
Achiever .64 51 .61 .78
Disruptor 21 .23 .28 .28 g1
Player .36 42 47 47 .28 .83

3.4. Scale Reliability

The reliability of the gamification user types scale was examined by calculating the
Cronbach’s alpha internal consistency coefficient. The Cronbach’s alpha coefficient calculated
for the whole scale was .89. The coefficients for the factors were as follows: Philanthropist:
.76, Socializer: .79, Free Spirit: .72, Achiever: .80, Disrupter: .71, and Player: .78. All these
values were greater than .71. There is not a certain rule of thumb for judging the Cronbach’a
alpha coefficients (Cho & Kim, 2015). It can be said that the higher the a coefficient, the more
the items have shared covariance and probably measure the same construct. These coefficients
varied between .70 and .89 in the original study (Tondello et al., 2016). The coefficients of the
Turkish version vary between .71 and .79, and are very similar to the values found in Tondello
et al. (2016). A value of .70 and higher is considered a cut-off point commonly accepted in
social sciences (Biiyiikoztiirk, 2012). Thus, it can be claimed that the instrument was reliable
at an acceptable level.

4. DISCUSSION AND CONCLUSION

The use of digital game features that promote game playing in different fields has
introduced the concept of gamification (Bunchball, 2010). Learning and teaching processes
have also been influenced by gamification as a new strategy, especially in terms of engagement
and motivation. GUTHS created based on Marczewski’s (2015) user type hexad framework
and validated by Tondello et al. (2016) has been used to determine what motivates six different
user types and the appropriate gamification elements that can be used for these user types. The
scale has the potential to become a key instrument for individuals who aim to develop
gamification-assisted processes and/or products. It can also offer principles for designing
facilities in the future. Thus, the present study aimed to adapt GUTHS to the Turkish language
and culture.
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GUTHS that created based on Marczewski’s (2015) user type hexad framework and
validated by Tondello et al. (2016) is a fairly new instrument contributed to the literature, so
it is hard to find extensive studies discussing the relationship between gamification and user
types based on GUTHS. This adaptation study was completed not long after GUTHS was
published in the proceedings of the 2016 Annual Symposium on Computer-Human Interaction
in Play. This study may contribute e-learning studies to enrich it with gamification strategies
in Turkish.

This adaptation study has some limitations with its sample size, predictive validity, and
test-retest reliability. It does not yet have prooven and effective suggestions for user types and
gamification. Nevertheless, the international literature also suffers from similar issues. This
attempt to offer a scale on user types — even just for the sake of initiating discussions — is
important for future studies to improve the scale and user-type models as well as investigating
gamification dynamics and mechanics.

The participants of the study were assumed to be bilingual individuals. Their answers to
the Turkish and English items with a one-week interval were positively and significantly
correlated, with correlation coefficients ranging from medium to high. The overall correlation
between the two versions of the scale was .94. These significant, positive and high levels of
correlations between the answers of participants constitute an evidence for the equivalence of
the English and Turkish versions. In the original study, the authors examined the validity of
the scale with workshops and through a predictive validity study. In this study, we conducted
a CFA to confirm that the expected model of the scale has a good fit with the observed model
based on the data from 417 participants. With this result, this study also shows that the
Gamification User Types Hexad Scale Turkish version has construct, convergent and
discriminant validities. These results may constitute comparable examples for studies in other
languages. In this study, the reliability of the scale was examined only through the Cronbach’s
alpha internal consistency coefficients, relying on one-time data collection. The alpha
coefficients that were obtained in this study were at acceptable levels as stated in the literature
and were similar to the coefficients of the original study.

The validity and reliability analyses demonstrated that the six-factor structure of the
Turkish version was compatible with the factor structure in the original form with 22 items.

In conclusion, the Gamification User Types Scale Turkish version has 22 items and 6
factors, and it is a reliable and valid measurement instrument that can be used to determine
gamification user types of undergraduate students. It is recommended that the scale be used in
correlational or comparative research on user profiles as well as gamification mechanics and
dynamics. We believe that the scale will contribute to the efficiency of gamification and
provide ideas for appropriate gamification designs.
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Appendix. Turkish Version of The Gamification User Type Hexad Scale

Oyunlastirma icin Oyuncu Tipleri Olgedi

Maddeler

Kesinlikle katilmiyorum

Katilmiyorum

Kismen Katilmiyorum

Karasizim

Kismen Katiltyorum

Katiltyorum

Tamamen Katiliyorum

Bagkalarina yeni durumlara uyum saglamalari

L i¢in yardim etmeyi severim.
2. | Yeni seyler denemekten hoslanirim.
3 Bagkalarinin maddi-manevi iyi olmasi benim igin
" | onemlidir.
4 Karsiliginda kazanilacak bir 6diil oldugunda
" | rekabetten hoslanirim.
5 Bir toplulugun pargast oldugumu hissetmek
" | benim igin énemlidir.
6. | Bagimsiz olmak benim i¢in 6nemlidir.
8. | Odiil beni tatmin ediyorsa ¢aba gosteririm.
9. | Kendi yolumu izlemek benim i¢in 6nemlidir.
10. | Grup aktivitelerinden hoslanirim.
1. Cogunlukla merakimin beni yonlendirmesine
1ZIn veririm.
12. | Zorluklarin iistesinden gelmekten hoslanirim.
13 Bagkalarina yardim edebilirsem bu beni mutlu
eder.
1 Hayatimdaki mevcut durumumu sorgulamaktan
hoslanirim.
15. | Kurallara uymaktan hoslanmam.
16 Bir problemi ¢ézmeden birakmak beni rahatsiz
eder.
17 Gorevlerimi eksiksiz bir sekilde yerine getirmek
benim i¢in 6nemlidir.
18. | Bir takimin parcast olmaktan hoglanirim.
19. | Kendimi asi biri olarak goriiriim.
20. Diger insanlarla etkilesim iginde olmak benim
icin 6nemlidir.
22. | Bilgimi baskalartyla paylagmaktan hoslanirim.
23. | Zor gorevleri basarmay1 severim.
o4, Odiiller benim igin &nemli bir motivasyon

kaynagidir.
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item discrimination parameters.
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1. INTRODUCTION

Majority of research data in psychology, sociology, and education are collected from
human subjects. Missing data is one of the most important problems for researchers working
in these fields. Missing data generally occurs in situations where participants do not respond to
some items in data collection process due to lack of knowledge, hesitation, and lack of
motivation or planned missing data designs, etc. (Enders, 2010; Finch, 2010; Graham, Taylor,
Olchowski, & Cumsille, 2006; Sijtsma & van der Ark, 2003; Little & Rubin, 2002). It is
difficult to conduct statistical analyses and calculate total scale scores in the presence of
missing data. Moreover, existence of missing observations in data results in problems such as
biased parameter estimates, inflation of standard errors, loss of information, and weak
generalizability of results (De Leeuw, Hox, & Huisman, 2003; Dong & Peng, 2013; Finch,
2010; Rubin 1987; Schafer, 1997). While determining a proper method for handling missing
observations, researchers need to address the rate, mechanism, and pattern of missing data
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(Dong & Peng, 2013; Enders, 2010; Little & Rubin, 2002; Rubin, 1987; Schafer, 1997; Schafer
& Graham, 2002).

1.1. Rate of Missing Data

Rate of missing data is the first issue that needs to be taken into account. Although there
is not a certain criterion in the literature with regard to an acceptable rate of missing data in
order to obtain valid inferences from a dataset, Tabachnick and Fidell (2007) and Schafer
(1999) suggest that 5% or lower rate of missing data in a large sample would be
inconsequential. On the other hand, Bennet (2001) suggests that parameter estimates through
a statistical analysis are more likely to be biased, when more than 10% of data is missing. After
addressing the rate of missing data, another issue that needs to be considered is the mechanism,
namely how the missing data are distributed.

1.2. Missing Data Mechanism

Mechanism of missing data in a dataset can be Missing Completely at Random (MCAR),
Missing at Random (MAR), and Missing Not at Random (MNAR) (Little & Rubin, 2002;
Rubin, 1976). In MCAR case, missing data do not follow a specific pattern and variables
containing missing observations do not depend on any other observed variables. Although
Little (1988) proposed a test for detection of MCAR data mechanism, in practice, it is quite
difficult to determine whether missing data are MCAR or not (Little & Schenker, 1995;
Schlomer, Bauman, & Card, 2010). MCAR can also be regarded as a special case of MAR or
a random sample of a complete dataset (Schafer & Graham, 2002). While omitting MCAR data
does not lead to bias, standard errors of the point estimates increase since the sample size
decreases (Dong & Peng, 2013). In case of MAR mechanism, missing observations in a
variable are related to other variables in a dataset, rather than the latent level of the measured
variable itself (Allison, 2001; De Leeuw, Hox, & Huisman, 2003; Enders, 2004, 2010). As a
result, MCAR and MAR do not follow a specific pattern and missing observations are rather a
result of randomness. In MNAR, however, missing data have a specific pattern and cannot be
easily omitted because they are associated with the latent levels of the measured variable
(Enders, 2004; Tabachnick & Fidell, 2007). Besides the aforementioned mechanisms, there are
also planned missing data designs that are widely preferred by practitioners, especially in large-
scale assessment studies. In such data collection designs, not all items are responded by all
individuals, due to time and cost limitations. Interested readers are encouraged to see Enders
(2010) and Graham et al. (2006) for more detailed information about planned missing data.

1.3. Patterns of Missing Data

Enders (2010) stated that missing data pattern simplistically explains position of the
"holes™ in a data matrix. There are three types of missing data patterns that are referred to as
univariate, monotone, and arbitrary, respectively. If responses of individuals to a set of items
have missing observations related to one or more variable(s), this indicates a univariate pattern
of missing data. Monotone missing data pattern is often observed in longitudinal studies, where
data are collected repeatedly from same individuals. If missing data are randomly observed for
any individual in any of the variables, this indicates an arbitrary missing data pattern.
Computation of a univariate or monotone missing data pattern is easier than an arbitrary pattern
(Dong & Peng, 2013; Little & Rubin, 2002). Below, widely-used methods for handling various
types of missing data are briefly explained.

1.4. Methods for Handling Missing Data

According to Little and Rubin (2002), most of the missing data handling methods can be
classified into four general categories as follows: procedures based on completely recorded
units, weighting procedures, imputation-based procedures, and model-based procedures.
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Primitive methods like List-wise Deletion (LD) and Pair-wise Deletion (PD) simply suggest
deletion of cases that have missing observations. LD, which proposes deletion of all cases that
contain missing values for any variable, is not a recommended method in general, because it
leads to loss of statistical power. It is also known that PD, which excludes cases that have
missing values for variables covered, causes problems in correlation based calculations and
multivariate analyses (Schlomer, Bauman, & Card, 2010). In sum, these two methods, which
are based on exclusion of cases that have missing data, often lead to biased and inefficient
parameter estimates (Rubin, 1987; Schafer, 1997).

Apart from deletion-based solutions, several methods have been developed for imputing
the missing values by various techniques. Mean Substitution (MS) is one of the simplest
imputation methods, where missing values are replaced with mean of the existing observations
of the relevant variable. Although it sounds convenient to implement, MS results with reduced
variance, which in turn leads to biased parameter estimates (Allison, 2001; Bennett, 2001,
Graham, Cumsille, & Elek-Fisk, 2003; Pallant, 2007). Another relatively primitive method,
which is called as Regression Imputation (RI), uses the variable(s) that does not contain any
missing values as predictors in a regression model, in order to impute missing observations.
Although it yields unbiased mean values in MCAR and MAR, RI leads to bias in variance and
covariance (Graham, Cumsille, & Elek-Fisk, 2003).

There are more sophisticated imputation methods that have a wide range of usage
including Multiple Imputation (M), Expectation-Maximization (EM), Pattern-Matching
Imputation (PMI), Hot-deck Imputation (HDI) and many more. In addition to RI, we only
included MI and EM among more sophisticated imputation methods in this study. Thus, a brief
information is provided below for M1 and EM, as well as another method that is called as Model
Based Imputation (MBI). For a detailed overview of the all mentioned imputation methods,
interested readers can see Finch (2010), Little and Rubin (2002), Schafer and Graham (2002),
Schlomer, Bauman, and Card (2010).

1.5. Ml and EM

Rather than replacing missing observations directly, Ml and EM combine the existing
information obtained from data that meet some statistical assumptions to estimate the missing
data mechanism. MI first creates a pre-specified number of copies of a dataset, in which
missing observations are appropriately imputed. In other words, MI produces multiple datasets
that have different imputed observations for missing cells. Then, parameters are estimated from
each of the imputed datasets based on the model to be fitted. In the final step, multiply estimated
parameters are averaged to provide a single estimate (Royston, 2004).

EM is an iterative procedure, where initial estimates of the missing values are imputed
by a regression model that includes a random error term. In the following step, the covariance
matrix and set of means is estimated. Then, previously obtained covariance matrix and means
are used in another regression model for the estimation of missing observations. These steps
(i.e., Expectation [E] and Maximization [M]) continue until the change in the covariance matrix
reaches a minimum value. When this condition is satisfied, the iteration stops and final
imputations are used for the desired analysis (Allison, 2001; Finch, 2008). It is important to
note that with categorical data analysis, it is necessary to round these imputed values, as they
will typically not be integers.

1.6. MBI

Briefly stated, MBI imputes the missing values based on statistical model that is applied
to the data. There are various MBI methods that can be used for imputation of missing data in
IRT applications. In one of them, Mellenbergh (2002) proposed a procedure based on
computation of a = parameter by the response pattern, score, and frequency of the observed
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data. Missing responses then imputed by randomly sampling an observation from a Bernoulli
distribution with that parameter. Another method based on non-parametric IRT models
proposed by Sijtsma and van der Ark (2003), and called as response function imputation (RFI).
RFI requires computation of a fraction that is based on total score, summary score, and rest
score (which is obtained by omitting the selected item from the total test score) for the
imputation of missing observations. For a more detailed information, interested readers can see
the referred studies.

MBI that is adopted in this study is rather a simpler procedure compared to mentioned
approaches. Strictly speaking, we employed 3 parameter IRT model’s equation for imputing
missing observations by using the information from the complete data (i.e., dataset with no
missing observations). Details about this procedure are elaborated in method section.

1.7. Purpose of the Current Study

A review of the literature reveals that the missing data itself and missing data handling
methods in different sample sizes have a direct effect on the IRT model applications (Enders,
2004; Finch, 2008; Glas & Pimentel, 2008; Huisman, & Molenaar, 2001; Sijtsma & van der
Ark, 2003). In addition, Dong and Peng (2013) underlie the fact that majority of the studies
that have been conducted in the last decade do not contain sufficient information about missing
data. Namely, they have not defined a certain approach in handling missing data, and have not
tested assumptions about missing data methods.

Besides the limited reports about procedures of handling missing data issues in social
science researches, majority of the proposed methods focus on continuous data. However,
binary response patterns obtained from achievement tests that are administered to a group of
students are one of the most common types of categorical data in educational sciences.
Moreover, most of the widely used psychological tests are made of items that have multiple
category response options (e.g., likert-type structured response scales). Common procedure for
handling missing observations in such datasets is using the mentioned methods that are
developed for continuous missing observations. Appropriateness of these imputation
techniques for categorical missing data has not been clearly expressed in the literature. This
study primarily aims to fill this gap by inspecting the performance of these methods in datasets
that consist of binary response patterns to which IRT models are fitted. In addition to widely-
used EM, MlI, and Rl methods, MBI was also evaluated in the study. Thus, the performance of
the mentioned methods under different amounts of MCAR data were compared based on the
recovery of item and ability parameter estimates. On the other hand, it is worth noting that there
is a limited number of studies that use MBI for imputing dichotomous missing observations in
datasets to be analyzed by IRT models. Therefore, we believe that this study provides
significant contributions both to the existing literature and practitioners about handling missing
data in IRT modeling applications.

2. METHOD
2.1. Data Set

Research data consist of binary (i.e., 0-1) coded responses of 480,691 candidates to 19
multiple choice items in the Turkish language test, which is a subtest of the 6th Grade
Placement Exam (SBS) conducted by the Ministry of National Education of the Republic of
Turkey in 2008. SBS is an annual nation-wide exam that measures achievement levels of 6th,
7th and 8th graders in Turkish, Maths, Science and Technology, and Social Science courses.
Although 958,879 candidates took the exam in 2008, only a subset of 480,691 candidate’s data
were obtained with official permission. This raw dataset contained many missing observations,
as was expected. Thus, a clean dataset of 306,757 individuals who answered all items (namely,



Kalkan, Kara & Kelecioglu

the dataset that didn’t have any missing observations) was drawn from the mentioned raw
dataset. We named this cleaned dataset as “full dataset” in order to prevent any conflicts with
the raw dataset that includes missing cells. In that case, the full dataset can be realized as the
population data for the sake of our recovery evaluation study. In other words, the “true” values
of the item and ability parameters are estimates that would be obtained by fitting the relevant
IRT model to the “full dataset”, namely the population dataset.

Obtaining random samples of complete data sets. As a second step of data preparation,
samples of 250, 500, 1,000, and 5,000 (25 replications for each sample size) were drawn
repeatedly from the full dataset by simple random sampling employing SPSS (IBM, 2011). In
order to determine the best fitting IRT model, -2LL values that were obtained by applying
unidimensional 1PL, 2PL, and 3PL models to the full dataset were evaluated. The 3PL model
was found to be the one that fits best among the three models. Therefore, unidimensional 3PL
model was used in all subsequent analyses with the random samples that were drawn from the
full dataset.

Obtaining datasets that contain missing observations. Only the missing data that would
show MCAR were considered in this study. "missForest" (Stekhoven, 2016) package of R (R
Core Team, 2016) was used to obtain datasets with MCAR data. Thereby, datasets with missing
observations were obtained by deleting 5%, 10%, and 15% of the observations from complete
datasets sampled in different sizes from the full dataset. Thus, 25 datasets with MCAR patterns
were created for each of the 12 conditions (4 sample sizes x 3 missing data rates), leading to a
total of 300 datasets.

2.2. Missing Data Imputations

The EM, M, RI, and MBI based on unidimensional 3PL IRT model probability function
were used to impute the missing observations. SPSS (IBM, 2011) was used to impute missing
data through the EM, MI, and RI. Imputations with EM were performed based on normal
distribution and the maximum number of iterations was 25 as default. This quantity specifies
the number of iterations that is used to estimate the true covariance. When the specified number
of iterations is reached, the procedure stops even if the estimates have not converged (IBM,
2014). Since the EM algorithm is an iterative process, decimal values are likely to be obtained
in categorical data. Hence, all decimal values are rounded to nearest integers in order to end up
with a categorical outcome (Finch, 2008).

Imputations based on MI were performed through the Markov chain Monte Carlo
(MCMC) algorithm and maximum number of iterations was set to the default value of 10 as
defined in SPSS (IBM, 2011). Maximum number of iterations taken by MCMC is used by fully
conditional specification (FCS) method. FCS fits a univariate model using all other available
variables in the model as predictors. The method then imputes missing values for the variable
being fit for each iteration and each variable. This procedure continues until the maximum
number of iterations is reached (IBM, 2014). Finally, FCS iteration history data are examined
to evaluate the convergence of the model. For any missing observation in the missing datasets,
as suggested by Royston and White (2011), the number of imputations was in accordance with
the rate of missing data (5, 10, and 15). Thus, for a dataset containing 5% missing data, 5
different datasets were obtained by MI. Similarly, 10 and 15 different datasets were obtained
for datasets containing 10% and 15% missing data, respectively. Each MI dataset for each
missing rate (e.g., 5 MI datasets for 5% missing rate) was analyzed separately and results (e.qg.,
item parameter estimates) were combined as

G=) Qn/N
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where N is the number of unique analyses (Finch, 2008).

Imputation that was performed by RI was also accomplished using SPSS (IBM, 2011).
RIin SPSS (IBM, 2011) uses multiple linear regression for estimating the missing observations
(IBM, 2011, 2014). Residuals of that regression model are also included for adjustment of the
estimates. Thus, error terms are drawn randomly from the observed residuals of complete cases
and added to the regression estimates (IBM, 2014). Then, decimal values obtained for each
missing observation are rounded to nearest integers, just as the final step of EM.

In imputations with MBI, 3PL IRT model was used because it provided the best model
fit with the full dataset, as mentioned in the preceding section. The statistical equation of 3PL
IRT model is shown below.

P(Xis = 165, B aiv) =vi + (1 = Vi)% (1)

where;

X;s= response of person s to item i (0 or 1),

0,= trait level for person s,

B;= difficulty of item i,

a;= discrimination for item i,

y;= lower asymptote (guessing) for item i (Embretson & Reise 2000; Hambleton &
Swaminathan 1985).

When imputing values by MBI, a two-step procedure is followed as follows: In the first
step, datasets with missing observations that were crafted for each condition were analyzed
based on 3PL model via BILOG controlled by the "irtoys™" (Partchev, 2016) package of R (R
Core Team, 2016). “NA” value was assigned to the missing cells of the datasets and these cells
were handled as missing in the analyses (Partchev, 2016). In that case, item responses that were
missing for an individual were not included in the estimation of item and ability parameters.
Item and person parameter estimations were performed using ML and Marginal Maximum
Likelihood (MML), respectively. In the second step, in order to impute the missing
observations, the item and ability parameters obtained from the first step were used. Namely,
for a missing response of an individual to an item, the probability was calculated by substituting
the relevant item and ability parameters into equation 1. Then, if the calculated probability is
equal to or greater than 0.5, “1”” was placed into the missing item response for that individual.
Otherwise, “0” was imputed for the relevant cell.

2.3. Evaluating the Accuracy of the Imputation Methods

A total of 48x25=1,200 analyses were performed with the 25 datasets crafted for each of
the 48 conditions (4 sample sizes x 3 missing data rates x 4 imputation methods). Item and
mean of the ability estimates were compared with the “true values” that were obtained from
the population, namely from the “full dataset”. Population estimates of the item parameters that
are considered as true values for recovery evaluation are provided in Table 1.
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Table 1. Population estimates of item parameter and standard errors

Parameter Estimate (SE)

Item a b c

1 3.312 (0.025) -0.118 (0.004) 0.374 (0.002)
2 2.497 (0.018) -0.320 (0.006) 0.304 (0.003)
3 1.209 (0.011) -0.659 (0.019) 0.212 (0.008)
4 1.864 (0.012) -0.823 (0.009) 0.150 (0.005)
5 2.038 (0.013) -0.688 (0.007) 0.184 (0.004)
6 2.518 (0.015) -0.666 (0.005) 0.170 (0.003)
7 2.528 (0.014) -0.587 (0.005) 0.123 (0.003)
8 1.139 (0.006) -1.170 (0.006) 0.003 (0.001)
9 1.585 (0.013) 0.480 (0.007) 0.205 (0.003)
10 1.904 (0.013) -0.387 (0.007) 0.169 (0.003)
11 2.321 (0.016) -1.467 (0.009) 0.117 (0.007)
12 1.889 (0.014) -0.382 (0.008) 0.244 (0.004)
13 1.925 (0.015) 0.724 (0.005) 0.175 (0.002)
14 2.249 (0.016) -0.638 (0.007) 0.297 (0.004)
15 1.627 (0.010) -0.662 (0.009) 0.092 (0.005)
16 2.165 (0.014) -0.311 (0.005) 0.184 (0.003)
17 2.690 (0.018) -0.744 (0.006) 0.243 (0.004)
18 2.471 (0.022) 0.543 (0.005) 0.383 (0.002)
19 2.240 (0.015) 0.039 (0.005) 0.207 (0.002)

As can be inspected from Table 1, SE’s of the population estimates are considerably
lower than .05, which can be regarded as a sign of accurate estimation. Majority of the difficulty
parameters are lower than 0, indicating a relatively easy test. Discrimination parameters are all
higher than 1, which is a sign of good discriminating test for low and high ability groups of
individuals. Guessing parameters on the other hand, varied between 0.003 and 0.383.

Due to varying number of the sample sizes for each condition, recovery of the ability
parameters was evaluated based on their calculated means, which should be zero according to
3PL IRT models’ identification constraint. Thus, we compared the mean of the estimated
ability parameters from each condition by the mean of population estimates, which was
calculated as 0.18 in the full dataset. Average of the absolute differences (AAD) among
replications were calculated as a recovery indicator for ability parameters by the equation
provided below.

¥ 18,,—0.18|
25

AAD = @)

5m is the mean of the estimated ability parameters at the mth step of the replications.

Performance of the imputation methods based on recovery of the true item parameters were
compared through RMSE (Root Mean Square Error) by the formula given below.

RMSE = /W’;—S‘“)z 3)

a,, is the item parameter value estimated from imputed dataset at the mth step and o is
the parameter value estimated from population, namely the so-called true value. RMSE for
item parameters is regarded as indicator of the variability in the estimates. We reported the
mean of the RMSE’s for each type of item parameter. Thus, mean RMSE values for difficulty,
discrimination, and guessing parameter, as well as, an AAD value for mean of the ability
parameters were reported.
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3. RESULTS
3.1. Results for Item Parameters

Recovery performance for discrimination, difficulty and guessing parameters are
presented separately by tendency graphs of mean RMSE’s below. Looking at the all figures for
all item parameters, one can observe that mean RMSE’s decreases for all methods by the
increase of the sample size, with any rate of missing data. This is an expected improvement
thanks to increase of available data that provides extra information for more accurate parameter
estimations. On the contrary, as the rate of missing data increases, mean RMSE’s for all
methods also increases with any of the sample sizes. This phenomenon is also in line with the
previous fact that we just mentioned. Namely, the amount of information lost increased due to
increased number of missing observations, which in turn leads accuracy of the parameter

estimates to decrease.
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Figure 1. Mean RMSE values for item discrimination parameters
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Looking at Figure 1 for discrimination recoveries, it can be observed that all imputation
methods had nearly identical mean RMSE’s when missing data rate is 5%, with all sample
sizes. With N=250, all methods seemed to behave nearly in a similar fashion, in terms of mean
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RMSE change. With all other sample sizes, EM and RI showed nearly undistinguishable trend
of mean RMSE change. On the other hand, MBI apparently had higher mean RMSE’s with all
sample sizes (except for N=250) with all rates of missing data, while Ml had slightly lower
ones. Moreover, increase in mean RMSE was steeper for MBI, compared to all three methods,
especially with three larger sample sizes.

Trend of the mean RMSE’s for difficulty parameters are illustrated in Figure 2. Different
from the previous findings for discriminations, MBI was the method that had the lowest mean
RMSE’s nearly in all conditions for item difficulty recoveries. Moreover, the increase in mean
RMSE by the inflation of missing rates, was not as dramatic for MBI as other method’s,
especially with the two larger sample sizes.
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0.34 0.34
032 0.32
Y 030 & 030
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% 0.24 § 0.24
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Figure 2. Mean RMSE values for item difficulty parameters

Similar to previous finding in discrimination parameters, EM and RI had nearly identical
mean RMSE trend for the recovery of item difficulties.
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Figure 3. Mean RMSE values for guessing parameters

Trend of the mean RMSE’s for guessing parameters are illustrated in Figure 3. Difference
among methods is nearly indistinguishable for N=250, and it is quite similar for N=500 and
N=1,000. For the largest sample size, differences among methods became more observable,
except Ml and RI, which behaved nearly identical. Moreover, MBI had relatively smaller mean

RMSE’s compared to other methods, especially with larger rates of missing data, when
N=5,000.

3.2. Results for Ability Parameters

Graphs for the change of the averaged absolute differences (AAD) between means of the
true and estimated ability parameters are presented in Figure 4. All methods had close AAD
values with the lowest rate of missing data in all sample sizes. MBI had relatively smaller
AADs with 10 and 15% rates of missing data. EM and RI again had nearly identical AAD
trends, with N=1,000 and N=5,000. As a general inspection, it can be said that Rl can be
considered the method that had relatively higher AAD’s compared to other ones. Last, it is also
important to imply that the increase in AAD’s was nearly linear when N=5,000 for all methods.
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Figure 4. Average absolute difference values for the mean of the ability parameters

4. DISCUSSION AND CONCLUSION

In this study, the performance of various missing data imputation methods in terms of
IRT models’ parameter recovery were compared under different sample sizes and missing data
rates. For the lowest rate of missing data (5%), it can be concluded that all methods showed
close recovery performance for item and mean of the ability parameters in all sample sizes.
Moreover, this similar performance occurred at lower levels of mean RMSE’s for the two
largest sample sizes. These conclusions in fact are parallel with Tabachnick and Fidell (2007).
Namely, they stated that 5% or less MCAR data would not cause serious problems in large
datasets. Moreover, they also stated that various missing data imputation methods are more
likely to perform similarly in such conditions.

Methods showed different performances across different types of item parameters.
Namely, M1 generally was more robust to the increase of the missing data rate in recovery of
the discrimination parameters. In fact, there are numerous studies which report that M1 provides
generally less-biased estimates compared to single-imputation methods. For example,
Schlomer, Bauman, and Card (2010), and Schafer and Graham (2002) reported that the
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accuracy of the parameter and standard error estimates makes MI the best choice for handling
missing data. Similarly, it was also reported that MI produces unbiased parameter estimates in
datasets that contain MAR data pattern (Peugh & Enders, 2004) and performs better than EM
(Acock, 2005). Finch (2008) also verified MI’s less-biased recovery performance in IRT model
estimates, compared to other methods. MI’s for discrimination parameters can also be
attributed to performing imputation to each dataset according to the rate of missing data
(Royston & White, 2011). EM and RI performed nearly identical and took the second place
after Ml in terms of recovery of the discrimination parameters, while MBI took the last place.
It is important to note that these prominent implications were true especially for sample sizes
500 or larger, because all methods behaved quite similar with the smallest sample size N=250.
As implied by Finch (2008), EM’s relatively low recovery performance can be attributed to its
assumption of normality, which is not the case for the dichotomous item responses.

When it comes to item difficulties, MBI showed the best recovery performance with all
sample sizes that have missing data especially 10% and more. Ml can be placed in the second
order, while EM and RI again showed nearly identical behavior as the last two methods. For
guessing parameters, all methods behaved nearly identical at all rates of missing data for the
sample sizes of 250, 500 and 1,000. In fact, Finch (2008) reported that the estimation of the
guessing parameters were not dramatically differed among the methods that he covered. The
distinction among methods became more apparent with the maximum sample size of 5,000,
especially for 10% or larger missing data. MBI again was slightly more robust to the increase
of missing data, compared to other methods for the sample size of 5,000. MBI recovered the
mean of the ability parameters better than other methods, with the 10% and 15% of missing
data. For the 5% missingness, the distinction among methods was not that considerable.

Unfortunately, as also implied by other researchers (e.g., Finch, 2008; Smits,
Mellenbergh, & Vorst, 2002) it is hard to recommend a single imputation method that will
work in every scenario. Depending on our results, we can say that apart from the well-known
methods that are M1, EM and RI, MBI can also be used as an alternative for dichotomous data
containing missing observations in IRT model applications. MBI will particularly be more
effective in scenarios where the ability and item difficulty estimations are more of interest.
Thus, the use of MBI is expected to be more effective in Rasch and 1 PL models, where item
discrimination parameters are not modeled. Nevertheless, if item discrimination parameters are
of more interest, it would be more reasonable to prefer MI. Moreover, it is also important to
imply that differences among the performances of MBI and MI was not so dramatic in many
conditions. Thus, if two or three parameter models are desired and all model parameters would
have the same level of interest for the practitioner, Ml would be more rationale to adopt.
Moreover, MBI requires long calculations for each of the missing observations. Considering
this limitation of MBI, MI also offers a more reasonable solution in terms of efficiency.

There are some further research suggestions that we draw depending on the results of
that study. First, evaluating the performance of MBI with one and two parameter IRT models
and comparing the results with the current study is thought to be worth further investigation.
In addition, the performance of MBI can also be examined in multidimensional datasets that
contain missing data. Last, the consequences of assigning 0 to the missing observations
(treating missing observations as false) rather than handling them as missing can also be
explored for MBI.
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method compared with the results of traditional equating methods— N

equipercentile and linear equating and 9th grade 2009 OBBS Form B of Social Received: 26 March 2018
Sciences and 2009 OBBS Form D of Social Sciences was used under an  Revised: 13 May 2018
equivalent groups (EG) design. Study sample consists of 16.249 students Accepted: 29 May 2018
taking booklets B and another 16.327 students taking D in that test. The
analysis of the test forms was carried out in four steps. First, descriptive KEYWORDS
statistics were calculated for the data and then it was checked whether the data

obtained from the two booklets satisfy the equating conditions. In the second Kernel equating,
step, the booklets were equated according to methods. Lastly, the errors for  Traditional equating
each equating methods were calculated. Kernel equating results were nearly Methods

same to the results from the corresponding traditional equating methods. In ’
Kernel equating, when parameter h was selected as optimal, equated scores .
provided almost identical results as traditional equipercentile equating. When ~ design
it was selected large, this time the equated scores provided results almost

identical to traditional linear equating. It is concluded that Kernel equating

methods are relatively more the most appropriate equating method method

than traditional equating methods.

The equivalent groups

1. INTRODUCTION

Comparison of test scores obtained from different forms has been a centre of attention
for psychometrics for nearly a century. Further, discovery of methods for comparing scores is
almost as old as the field of psychometrics itself (Holland, 2007). Discussion and development
on the topic of comparison of scores were started in 1910s by Otis (1916, 1918), Kelley (1914),
Starch (1913), Weiss (1914) and Pinter (1914) and have not come to an end up to day (Holland,
2007). In order to compare scores from different forms, various equating methods have been
introduced which are based on different theories and statistics. The purpose of all equating
methods is to compare scores collected from different test forms. Although different test forms
are developed with similar content and statistics, they may vary in difficulty, so test equating
is needed. The statistical process which allows comparing and interchangeable use of scores
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obtained from different test forms is called equating (Holland, 2007; Kolen & Brennan, 2004).
There are certain conditions that must be met for equating test forms. These conditions include
equality, symmetry, group invariance, equal construct and equal reliability (Dorans and
Holland, 2000).

e Equal construct: Both tests must be measure of the same characteristics, trait or skills.

e Equal reliability: The tests must have the same level of reliability.

e Symmetry: In equating function, form X can be transformed into form Y and vice versa
at the same time.

e Equality: Lack of difference resulting of taking form X or Y of individuals.

e Group invariance: Equating relationship is independent of groups.

After meeting the equating conditions, test equating design is selected, one of the most
important steps of test form equating. Equating designs are divided into three as single-group
design, equivalent groups design, and common-item test design. In single-group design, the
oldest and the simplest equating design, the same individuals are given both test forms. Since
forms are answered by the same individuals, no error emerges due to ability levels of
individuals (Kolen & Brennan, 2004). In equivalent groups design, the test forms are divided
into two randomly and administered separately to the groups regarded equivalent. In this
design, individuals in each group responds to only one test (Livingston, 2014). However, since
each of the groups consists of different individuals, the difference of distribution of individuals'
ability is reflected as bias in equating (Hambleton & Swaminathan, 1985; Kolen & Brennan,
2004). In common-item test design, two tests consist of different questions and groups are
given either test which contain common items. On the common items in the forms, equating is
performed. For this reason, common items should be selected in a way to represent the test
properly (Kolen, 1988; Kolen & Brennan, 2004). Once the equating design is determined,
decision is made regarding which equating method to use. Equating methods are divided as
true-score equating and observed-score equating. While true-score equating relates to equating
methods based on the Item Response Theory; whereas observed-score equating includes linear,
average, equipercentile equating, IRT observed-score equating, and Kernel equating, a new
approach. Present study was conducted with linear equating, equipercentile equating, Kernel
linear equating and Kernel equipercentile equating methods among observed-score equating
methods.

In linear equating, it is assumed that all properties except the mean and standard deviation
of test forms are equal (Kolen & Brennan, 2004). In addition, the difference in difficulty
between test forms varies in a constant amount through the entire score scale (Albano, 2016).
Concerning X new form and Y reference (old) form, , uy ve uy gives means of the forms, and
Sy ve Sy gives standard deviations of the forms. On this basis, linear equating is obtained from
the following equation.

— 5 3y
V= xt [y = 2y ®

In the case of equipercentile equating, cumulative frequency of each test form is first
calculated and then the scores corresponding to the same percentile based on the frequencies
are equated. When the forms are equated with equipercentile equating, the scores obtained from
the forms are similar in mean, standard deviation, and distribution (kurtosis, skewness, etc.)
(Kolen, 1988). However, Livingston (2014) stated that, in equipercentile equating, equated
points obtained from the new form have almost identical distribution with the points on the
reference form, and that the distributions are not identical because the scores are discrete.

In equivalent groups design, both linear and equipercentile equating methods can be used.
While equipercentile equating methods use score distribution curves to explain difficulty
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difference between forms, linear equating methods use linear estimates. Hence equipercentile
equating is more general than linear equating methods (Kolen & Brennan, 2004).

As for the Kernel equating, an observed-score equating method, was defined by Holland
and Thayer (1989) and improved by von Davier, Holland and Thayer (2004). In traditional
equipercentile equating methods, cut-off score distribution is made continuous by using linear
estimates. On the other hand, Kernel equating employs the Gauss Kernel approach after which
it is also named. In the latter, discrete distributions are made continuous so that scores are
equated on the basis of the continuous distributions (Lee & von Davier, 2011; Ricker & von
Davier, 2007). Kernel equating also includes linear equating functions even though it is an
equipercentile equating function (von Davier et al. 2004). One of the important parameters in
the Kernel is the parameter h, which is the continuation parameter. If the parameter h is chosen
as ideal, equipercentile equating is obtained; but if it is selected as large, linear equating
function is obtained. In addition, the results obtained through the ideal h parameter approach
traditional linear equating, while those obtained through the large h parameter approach
traditional equipercentile equating.

In the Kernel model, test forms are equated in five steps:

Presmoothing: It refers to using the log-linear statistical model for smoothing of score
distributions. In this step, estimation of score probabilities varies depending on the score
equating design. Equivalent groups design is a univariate distribution; however, common-item
test design is a bivariate distribution in nonequivalent groups. von Davier et al. (2004) indicated
four statistical properties in selection of estimating point probabilities as;

¢ Consistency; as the sample size increases, estimated values approach the population
parameter.

e Efficiency; deviation of the score probabilities estimated from the population values is
at the minimum level possible.

e Positivity; score probabilities estimated for each score are positive.

e Integrity; smoothed score distributions match with observed score distribution. To get
good fit in univariate distributions, five or six moments of test forms must be used (von
Davier et al., 2004).

Estimation of score probabilities according to the equating design Gauss Kernel approach
is used to make the cut-off score distributions continuous at the relevant stage. Still, Lee and
von Davier (2011) suggested logistics and uniform kernel approaches as alternatives. Test
forms are equated by using the continuous distributions obtained in the previous step. It is
calculation of the standard error of equating and difference of the standard error of equating.
Kernel equating can be used in common-test designs with single-group, equivalent groups,
balanced group, and nonequivalent groups (von Davier et al., 2004).

It is used for not only international tests such as PISA and TIMMS but also nation-wide
examinations held by the Ministry of National Education and Student Selection and Placement
Centre in Turkey. Student Achievement Determination Exam at National Scale (SADE-OBBS)
is among them. OBBS has taken every three years since 1992 at elementary education. It
applies to different areas and grade levels. Then, the applications were reported in 2002, 2005
and 2008, respectively. OBSS helps determine the adequacy levels of the education and
instruction environment offered to students, objectives and skills and make an assessment so
as report to relevant authorities accordingly (EARGED, 2010). It was last held in year 2008 to
determine achievement levels of elementary students in subjects such as Turkish language,
science and technology, mathematics, social studies and English language. Then, in 2009, the
Secondary Education Development Project was launched to identify achievements of students
in lessons, monitor their progress, and propose recommendations according to results. The
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project was implemented on the 9th and 10th grade students (EARGED, 2010). In this scope,
in order to ensure test security in practice and to avoid violations of the rules; booklets A, B, C
and D were prepared which are very similar in both scope and difficulty. However, these
booklets were not equated although they consist of different questions. Even though test
developers introduce test forms similar in content and statistical aspects, these forms may differ
in difficulty.

This study was conducted on the scores obtained from the OBBS given to 9th graders in
2009. In particular, the scores obtained from social studies test in booklet B were equated to
booklet D by using linear equating, equipercentile equating, Kernel linear equating and Kernel
equipercentile equating methods. It was aimed to find out the best method as a result. The other
aim of the study is to compare results obtained from the Kernel equating and traditional
equating methods.

2. METHOD
2.1. Population and Sample

The population of the study is composed of the elementary 10 th grade students who took
the 2009 OBBS covering Turkish Literature - Language and Expression, Mathematics,
Sciences, Social Studies and English Language tests. There are four booklets as A, B, C and
D, for each of the tests in OBSS. The booklets were put into two pairs by arranging A and C,
and B and D in parallel, respectively (EARGED, 2010). Study sample consists of 16.249
students taking booklets B and another 16.327 students taking D in that test.

Data is constituted by scores obtained from social studies test as a part of OBBS held in
2009. The test contains 15 (fifteen) questions which target history and geography lessons. Each
booklet contains different questions in OBBS. So, there are two pairs of booklets considering
the traits they measure resulting in booklets A and C as a pair and B and D as another pair. This
study was carried out on the latter pair of booklets, B and D.

2.2. Equating Design and Data Analysis

Despite containing different questions, the booklets were prepared in parallel and applied
spirally to the students. For this reason, equivalent groups were formed for B and D booklets
at random. In this study, the social studies test was equated through the use of the equating
pattern for equivalent groups.

The analysis of the test forms was carried out in four steps. First, descriptive statistics
were calculated for the data and then it was checked whether the data obtained from the two
booklets satisfy the equating conditions. In the second phase, the two booklets were equated
according to the equivalent group design and equated according to the methods. In the second
step, the booklets were equated with equivalent groups design and equated socres were gained
accordingly. Lastly, the amount of error resulting from each equating method was calculated.
Analysis of the data was done with SPSS and FACTOR (Lorenzo-Seva & Ferrando, 2006).
The equate R package (Albano, 2016) was used for traditional equating methods analyses and
the kequate R package (Andersson, Branberg & Wiberg, 2013) was used for kernel equating
methods analyses (R Core Team, 2017).

Step I: Descriptive Statistics and Testing of Equating Conditions

At first, descriptive statistics of the social studies tests were calculated. The findings are
given in Table 1. According to Table 1, for the booklets B and D, score distributions exhibit
positive coefficients of skewness below 1. On the other hand, kurtosis and skewness
coefficients are negative and smaller than 1 in score distribution of both forms. Biiyiikoztiirk
(2007) stated that kurtosis and skewness coefficients between -1 and +1 refer to normal
distribution.
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Table 1. Descriptive statistics

Descriptive Statistics Booklet B Booklet D
N 16249 16327
Mean 7.60 7.97
Standard Deviation 3.50 3.52
Variance 12.28 12.45
Skewness 172 .050
Skewness Standard Error .019 .019
Kurtosis -.81 -.89
Kurtosis Standard Error .038 .038

Test forms can be equated provided that certain requirements are satisfied. Dorans and
Holland (2000) list these requirements as unidimensionality, equal reliability, and similar
difficulty. To confirm unidimensionality of the data, principal components factor analysis
based on the tetrachloric correlation used for two-category data was performed. The factor
analysis was conducted with FACTOR 10.7 (2017) program.

Table 2. Factor Analysis Results for Booklets B and D

Booklet B Booklet D

Component Eigenvalue V.A.O (%) Eigenvalue V.A.O (%)
1 491 32.7 5.02 335
2 0.96 6.4 0.99 6.6

In Table 2, when factors with eigenvalue greater than 1 are taken to calculate the number
of factors, there is only one factor with eigenvalue greater than 1 for both booklets. Explanatory
variance of the first factor is 32.7% for booklet B, while it is 33.5% for the other booklet. In
single-factor scales, explained variance ratio at and above 30% is regarded adequate
(Biytikoztiirk, 2007). So, both booklets can be said to have one single general factor.

In order to test whether reliability of booklets B and D is equal, the reliability coefficient
of KR-20 was calculated. Again, reliability coefficients were accepted as the correlation
coefficients and Fischer's Z transformation was performed to check if there is a difference
between the two reliability coefficients (Akhun, 1984). The results are presented in Table 3.

Table 3. Comparison Results of Reliability of Booklets

Booklet KR-20 Zr Z p
B 0.75 0.99 1.29 0.51
D 0.76 1.00

Table 3 suggests that the booklets B and D meet the prerequisite of equal reliability
(p>.05). The difference between average difficulties of the booklets B and D was examined
with two ratio difference test (Baykul, 1996), indicating no significant difference between
difficulty levels of the two booklets (p>.05). It can be suggested that both booklets are equal in
average difficulty.

Step I1: Booklet equating: The booklets B and D were equated by using linear and
equipercentile equating, Kernel equating method (linear and equipercentile) among traditional
equating methods in equivalent grups design.

Step I11: At this stage, the weighted error squares mean (WMSE) and RMSD (Root
Mean Squared Difference) were calculated for evaluating the errors randomly involved in the
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equating process and MSD (Mean Signed Difference) indices were calculated for evaluating
the systematic errors.

Below are shown the equations for calculating WMSE, RMSD and MSD coefficients:

RMSD — TR i(XE — Xcrie)? @

WiSE = 2=t e — Xerin)? @)
_1ynN

MSD—E Zj:l(XE - Xcrit) (4)

3. FINDINGS

In 2009 OBBS social studies test, booklet B was equated with booklet D by using linear
equating, equipercentile equating, Kernel linear equating and Kernel equipercentile equating
methods. The parameter h, which is the continuation parameter in the kernel equating methods,
was selected by the kequate package. It was found to be hx=0.539 and hy=0.538 for Kernel
equipercentile equating method; and hx=3503.590 and hy=3530.941 for Kernel linear equating
method. Equated scores obtained from the equating methods and raw scores are given in Table
4,

Table 4. Equivalent scores of Booklet D corresponding to raw scores in Booklet B
Booklet B LE Dif. EE Diff. KE-LE Diff. KE-EE Dif.

0 031 031 0.01 0.01 0.31 0.31 0.02 0.02
1 132 0.32 1.12 0.12 1.32 0.32 111 0.11
2 233 033 2.19 0.19 2.33 0.33 2.18 0.18
3 3.3 034 3.24 0.24 3.34 0.34 3.23 0.23
4 435 035 4.29 0.29 4.34 0.34 4.28 0.28
5 535 0.35 5.31 0.31 5.35 0.35 5.31 0.31
6 6.36 0.36 6.41 0.41 6.36 0.36 6.40 0.40
7 737 037 7.50 0.50 7.37 0.37 7.49 0.49
8 838 0.38 8.53 0.53 8.37 0.37 8.52 0.52
9 9.38 0.38 9.54 0.54 9.38 0.38 9.54 0.54
10 10.39 0.39 10.53 0.53 10.39 0.39 10.53 0.53
11 11.40 0.40 11.45 0.45 11.4 0.40 11.47 0.47
12 1241 041 12.35 0.35 12.41 0.41 12.35 0.35
13 1341 041 13.21 0.21 13.41 0.41 13.21 0.21
14 1442 042 14.10 0.10 14.42 0.42 1411 0.11

15 15.43 0.43 15.02 0.02 15.43 0.43 15.04 0.04
*Dyff: difference; LE: Linear Equating; EQ: Equipercentile Equating; KE-LE: Kernel Linear
Equating; KE-EQ: Kernel Equipercentile Equating

According to Table 4, the raw scores belonging to Booklet B take values in the range of
0-15 points, but the equated scores obtained through traditional linear equating and Kernel
linear equating methods vary from 0.31 to 15.43. The equated scores obtained from both
methods demonstrate that the equated scores are the same except for a few conditions. As a
result of the linear equating methods, the scores equated throughout the entire score scale were
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found larger than the raw scores and difficulty level did not vary throughout the scale. So, it
can be said that booklet B is more difficult than D. The equated scores obtained from traditional
equipercentile equating method were found to be between 0.01 and 15.02, while Kernel
equipercentile equating method yielded results in the range of 0.02 to 15.04. The two methods
were seen to generate the same equated scores except in a few conditions. It was found out that
the scores equated with equipercentile equating methods were greater than the raw scores
throughout the entire score scale and difficulty level did not vary throughout the scale. This
finding suggests that booklet B is more difficult than booklet D according to equipercentile
methods. Moreover, a linear relationship was detected between raw scores from booklet B and
equated scores obtained through both linear equating methods and equipercentile equating
methods. Such relationships are shown in Figure 1 and Figure 2.
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Figure 1. Raw scores in booklet B and equated scores based on linear equating methods
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Figure 2. Raw scores in booklet B and equated scores based on equipercentile equating methods

The graphs above indicate almost the same difference between the equated scores based on
linear equating methods and raw scores throughout the whole scale. In the case of
equipercentile equating methods; while the difference between equated scores and raw scores
is smaller in extreme scores, the difference increases in in the medium score scale (in the range
of 5 to 12). One superiority of Kernel equating to traditional equating methods is that it



Int. J. Asst. Tools in Educ., Vol. 5, No. 3, (2018) pp. 417-427

calculates the standard error of equating for each score. Figure 3 displays the graph for the
standard error of the equating obtained over the entire scale score according to Kernel
equipercentile and Kernel linear equating methods.
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Figure 3. Standard errors from Kernel linear and equipercentile equating methods

Figure 3 shows that linear equating methods yield higher standard errors in marginal ends
but lower standard errors in intermediate band. In the case of equipercentile equating method,
standard error proved high in lower end but low in higher end. Also in linear equating, it has a
decreasing tendency from 0 to 7 points but increasing from 7 to 15 points. In equipercentile
equating, it again shows a decreasing tendency from 0 towards 5 points while increasing from
5 towards 11 and then falling from 11 to 15 back. The average standard error was calculated as
0.035 and 0.028 for Kernel equipercentile equating and linear equating, respectively, which
shows a smaller error in linear equating method.

The booklets B and D for social studies test from 2009 OBBS were were equated with
linear and equipercentile equating methods. WMSE, MSD and RMSD were calculated to find
out which of the equating methods includes a lower level of error. The obtained values are
given in Table 5.

Table 5. WMSE, RMSD and MSD values from the equating methods

Equating Method WMSE RMSD MSD
GE-EYE 0.013 0.400 0.373
GE-DOG 0.011 0.377 0.376
KE-EYE 0.012 0.399 0.372
KE-DOG 0.011 0.375 0.374

Table 5 shows the smallest WMSE and RMSD values as a result of Kernel linear equating
method, while the largest WMSE and RMSD values are given by traditional equipercentile
equating method. In addition, in terms of WMSE and RMSD values while traditional linear
equating and Kernel linear equating provided similar results; traditional equipercentile
equating and Kernel equipercentile equating methods provided nearly same results. Apart from
that, MSD index referring to systematic error indicates that Kernel equipercentile equating has
the smallest error while the opposite is reported by traditional linear equating method. In
consideration of all findings here, the smallest random error was reached with Kernel linear
equating method and the smallest systematic error was achieved by Kernel equipercentile
equating method.
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4. DISCUSSIONS AND CONCLUSION

In this study, we compared the results obtained through traditional equating methods with
Kernel equating with the intention of finding out the superior one.

It was found out that Kernel equating methods as a recently introduced approach
produced results comparable to traditional equating methods. In Kernel equating, when
parameter h was selected as optimal, equated scores provided almost identical results as
traditional equipercentile equating. When it was selected large, this time the equated scores
provided results almost identical to traditional linear equating. These results seem to be in
accord with Mao, von Davier and Rupp (2006), von Davier et al (2006) and Grant, Zhang and
Damiano (2009). In their study, Mao et al. (2006) compared traditional equating methods and
Kernel equating methods in equivalent groups and nonequivalent groups in common-item test
pattern, and noted quite similar results particularly as a result of linear equating in equivalent
groups design. In another sample, von Davier et al. (2006) compared Tucker, chained equating,
frequency estimation, Levine observed-score equating and post-stratification equating from
traditional equating methods against Kernel chained equating (h optimal), Kernel chained
equating (h large), and Kernel post-stratification (h large) from Kernel equating methods. They
reported comparable results in both Kernel and traditional equating methods. Furthermore,
Grant et al. (2009) comparing performances of Kernelchained equating, Kernel post-
stratification, Tucker, chained equipercentile and Levine equating methods found out that
Kernel chained equating yield similar results to chained linear equating method with large
bandwidth. In addition, they came up with minor differences only between Kernel post-
stratification equating and Tucker and Levine equating results.

In relation with error; comparison of WMSE, RMSD, and MSD values from Kernel
equipercentile, Kernel linear equating, traditional linear and equipercentile equating methods
recorded the smallest random error with linear equating methods applying to both traditional
and Kernel equating methods. The smallest systematic error was found in Kernel equating
methods. In particular, Kernel linear equating method generated the lowest random error, while
the highest level of the same type of error was generated by traditional equipercentile method.
It can be argued that our results show similarity with the literature. Kelecioglu and Oztiirk
Giibes (2013) carried out equating on 2009 OBBS social studies test A and C books according
to linear and equipercentile equating with random group design and found out that linear
equating involves the smallest random error. In a comparative study by Zhu (1998) on RMSD
and MSD coefficients from linear equating and unsmoothed and postsmoothed equipercentile
equating methods, it was found out that linear equating method involves the least random and
systematic error but unsmoothed equipercentile equating show the most random and systematic
errors. Yet, our findings seem to be in dispute with Zhu (1998) in relation with systematic error
because Kernel equipercentile equating and traditional linear equating methods yielded the
smallest and the largest random error, respectively. The result does not coincide with the
findings by Zhu (1998).

When the equated scores obtained from the linear equating methods are examined, it is
seen that the scores take values out of the raw score scale range. Kolen and Brennan (2014)
suggested that it is an expected effect and Livingston (2014) argued that it is peculiar to linear
equating methods. Kolen and Brennan (2014) proposed two alternative ways in this case. The
first is to allow the points that are not in the raw score range. The second is to accept the scores
outside the raw score range as the lowest and highest raw scores. In other words, it refers to
taking all equated points below as 0 and taking all equated points above 15 as 15. Concerning
equipercentile equating method, Kolen and Brennan (2014) claim that equated scores might
deviate from the raw score range by -.5 up to +5, which is a desirable feature of equipercentile
equating. That is to say, the points obtained with equipercentile equating methods need to be
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valued between -0.5 and 15.5. Considering this range for both Kernel and traditional
equipercentile equating, both methods seem to be in the range determined.

We also found out that the standard error obtained from Kernel equipercentile equating
method is greater than Kernel linear equating and it tends to increase in marginal points. This
seems to be consistent with findings from other studies in the literature. In a study by Choi
(2009) comparing Kernel equating and traditional equating methods, Kernel linear equating
methods were found to give lower standard error compared to Kernel equipercentile equating
methods. According to Mao (2006), higher errors in end points with Kernel equating methods
are due to the fact that the point scale in Gauss Kernel continuation method falls in the range
of +oo0 and —oo.

In the light of the all findings, it is understood that Kernel linear equating method has the
least random error and Kernel equipercentile equating has the least systematic error in equating
of booklets B and D of social studies test from 2009 OBBS. Yet, the error values obtained seem
to be very close, which may be due to similar distribution of the test forms. Livingston (2014)
contended that if the new and old forms exhibit the same distribution of points, linear and
equipercentile equating methods would yield almost identical results and even equated scores
could overlap.

Departing from the discussion above, it was concluded that Kernel equating methods are
more suitable than others for equating booklets B and D of social studies test in the context of
2009 OBBS. Present study was planned to compare equatings of the foregoing documents
through the use of traditional and Kernel equating methods. In the future, a similar study could
be conducted in other equating designs and methods (equating methods based on Item
Response Theory, local equating, etc.). Besides RMSD, MSD and WMSE, other evaluation
criteria such as invariance indices and DTM could be employed in future studies as well.
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1. INTRODUCTION
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comprehension and text comprehension. Hence, activation of word meaning, understanding the
sentences, inference, control of comprehension and understanding the text structure are covered
by this subcategory. When either of these categories does not work, reading performance is not
achieved in the desired quality (see Oakhill, Cain, & Elbro, 2015).

In this sense, fluent processing particularly on the word level during the process of
reading-comprehending a text is regarded as being of top priority for cognitive processing
required for the text comprehension. Because it would be possible to focus mental sources on
text comprehension with the automatization of word recognition (NRP, 2000; Perfetti, 1998),
relating the word reading skill to comprehension seems probable in the theoretical framework.

It is remarkable in the literature that there is a high-level relationship between fluent word
reading and comprehension in the first periods of reading particularly (Kim, Wagner, & Lopez,
2012). In the research conducted with 2143 students, Verhoeven and Leeuwe (2008) achieved
comparable results. According to their research, word reading has an important effect of
comprehension in early stages. In the study, it is concluded that there is a high-level relationship
between fluent word reading and comprehension; the relationship is shown .50 at the lowest
and .87 at the highest (see Castillo, Torgesen, Powell-Smith, & Al-Otaiba, 2009).

On the other hand, according to the Lexical Quality theory, lexical quality refers to how
important formats and meaning elements of the word seen by a reader and the lexical
knowledge are. Accordingly, a reader should be able to know both textual, phonological and
morphological-syntactic attributes and semantic attributes of a word and include the words in
the textual context in the text processing (Perfetti, 2007). Then, the reader should be able to
read simple words fluently and process these words in accordance with the meaning required
by the context and fluently. The consequent type of reading is not the act of reading from a list
of simple words but reading of a text is the exact opposite.

In such reading, two main concepts are focused on in silent reading for fluency: reading
accuracy and reading rate. Hence, it is possible to define this reading as fluent silent text
reading.

A reader who gets into the fluent text reading process should perform inter-sentence
cognitive transactions such as understanding small structures (word and phrase recognition,
etc.) as well as integrating the meanings (inter-sentence grammatical and semantic relations),
inferring the semantic information from text by focusing on inter-proposition relation
networks, making the connections of references and filling the gaps in regard to cohesion
through bridging so that he/she can comprehend a text, that is, create the mental representation
of the text content (McNamara, Kintsch, Songer and Kintsch, 1996). In other words, he/she
should make consistent semantic relations on the sentence level other than the word level. To
that end, readers need to understand the directions for the pronouns and the referred expressions
in the text and comprehend how sentences are interrelated and how clauses, paragraphs, parts
and groups of part are related to the general subject (Caccamise, Snyder, & Kintsch, 2008).
Again, as stated by van Silfhout, G., Evers-Vermeul, J. & Sanders, T. (2015), it is very
important for reader to establish the proper relations both locally and wholly between the units
of the text for structuring the mental representation of text. In this process, connectives come
across as some of the most important guides in inter-sentence connection.

Linguists divide words into two groups as function words and content words. In addition
to this classification, it is observed that functional and content words are also defined as
open/closed class or grammatical and substantial words. Open class words are basic lexical
groups such as nouns, verbs and adjectives. Closed class words are syntactic processors
including grammatical groups such as determiners, prepositions and connectives (d’Arcadais,
1984). Semantic contribution of functional words is more abstract and less referential than
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content words. They are the latest acquired constructs in language acquisition (Littlefield,
2005; Smith & Witten, 1993).

Hence, readers should have internalized content words like connectives for efficient
reading. Because readers receive information required about the function of connectives from
their long-term memory when reading. If a reader is not informed of what functions connectives
have in his/her long-term memory, it will not matter when he/she reads connectives properly
and fluently, that is, simply performs a decoding process. As in fluent word reading, the reader
will read the word properly first, then access the information in its function/meaning in his/her
mental glossary. In the next stage, this will enable the reader to use this function/meaning in
accordance with the context properly and achieve fluent text reading. In this case, it is obvious
that the reader needs to read connectives in the text automatically and fluently.

As stated by Kurtul (2011), connectives function to demonstrate the logical connection
between propositions or between a sentence and a noun phrase in some cases. In this sense, the
meaning conveyed by connectives is very important for coherent connections among discourse
sections. It will be difficult to achieve desired coherence when there is an incoherent relation
between connective and semantic content of connected elements (Zufferey, Mak, Degand, &
Sanders, 2015: 390). Process of comprehension will be affected negatively, too.

Several research results coincide with this theoretical information. Sanders and
Noordman (2000) state that presence of connectives in texts makes text processing easier,
referring to numerous studies on online texts. On the other hand, Geva and Ryan (1985) state
based on the related research that competent readers have good connectives knowledge and use
this knowledge to establish logical relations among the parts of text. This is an outcome which
is expected to increase the speed of processing during reading. Noordman, Vonk and Kempf
(1992) accordingly concluded that connectives accelerate readers’ reading time. Likewise, van
Silfhout, Evers-Vermeul and Sanders (2015) state that many young readers cannot construct
the text in their minds properly because of their incompetence in making connections when
reading. According to their research, connectives not only accelerate the processing of later
information but also reduce the number of rereading the current information in the text. These
findings indicate that connectives have a function of an initial “processing directive”. Thus, the
findings also refer to that having sufficient amount of connectives knowledge during reading
will contribute to a reader’s fluent reading and text comprehension.

As addressed above, it is noted in the light of several studies associated with the reading-
comprehension skills that fluent word reading, connectives knowledge and fluent text reading
are closely related to the comprehension skill. Two models can be accordingly suggested for
these relations: The first model recognizes connectives knowledge as one dimension; the
second model recognizes connectives knowledge along with its subdimensions. The following
is the illustration of this model (see Figure 1). In this study, it was aimed to investigate the
effect of connective usage knowledge, fluent silent word reading and fluent silent text reading
on reading comprehension and direct effect of reading comprehension on academic
achievement. For this purpose, the following hypotheses were developed:

H1: Connective usage knowledge has a positive significant effect on fluent silent word reading,
fluent silent text reading, and reading comprehension.

H2: Fluent silent word reading and fluent silent text reading have a positive significant effect
on reading comprehension.

H3: Reading comprehension has a positive significant effect on academic achievement.
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Figure 1. Proposed Model

2. METHOD
2.1. Participants

The study group of the research was composed of 263 secondary school students at a
state school in Burdur province. This school was chosen because it is an easily accessible
sample. 25.1% (f=66) of the students were fifth-graders, 24.7% (f=65) were sixth-graders,
24.3% (f=64) were seventh-graders, and 25.9% (f=68) were eighth-graders. 51.7% (f=136) of
the students are girls and 48.3% (f=127) of them are boys. Ages of the students varied between
11 and 14. Accordingly, arithmetic means of the ages were 12.8 while the standard deviation
was .26.

2.2. Instruments
Four assessment instruments and official achievement scores were used in this study:

2.2.1. Connective Knowledge Test

The items of the Connective Test developed by Cetinkaya, Ulper and Bayat (2014) were
produced from sentences using side-by-side, top-and-bottom and discourse-marker
connectives. Items under these three groups are based on another semantic classification. This
classification is temporal, causation, opposition and expansion. There are 28 four-choice items
in the instrument. Kuder-Richardson 20 (KR-20) reliability coefficient of the whole scale was
found to be .74. Due to low reliability coefficients of the subscales, it was ensured that each
factor was composed of three items at least (Comrey, 1988), and KR-20 reliability coefficients
were .66 for the temporal factor, .71 for the causation factor, .62 for the opposition factor, and
.89 for the expansion factor. Item difficulty values ranged from .47 to .73 and item
discriminations ranged from .28 to .43.

2.2.2. Fluent Silent Word Reading Test

Developed by Ulper and Yagmur (2016), this test is composed of three reading cards.
The first card includes 110 (+110), the second card 100 (+100), and the third card 90 (+90)
actual words and fake words derived from those actual words in the same amount. In this test,
students are expected to mark the actual words as many as possible in one minute. Cronbach's
Alpha coefficient for the scores obtained from three cards is .96.
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2.2.3. Fluent Silent Text Reading Test

Fluent Silent Text Reading Test measures the rate of silent and fluent reading of a given
text. In this test, students are expected to read as many words as possible in one minute. The
text in the test is narrative. The words used in the text can be known to that group of age. The
text is on the independent reading level according to the formulation by Cetinkaya-Uzun (2014)
in terms of readability. The experts were also consulted for opinion when choosing the text. It
was seen in the preliminary practices that there was no significant difference between the scores
obtained by two equivalent groups. This provides an important data of reliability.

2.2.4. Reading Comprehension Test

Developed by Ulper, Cetinkaya and Bayat (2017), the test includes 28 questions in total
(11 multiple-choice, 3 fill-in-the-blank, 6 true-false, and 8 open-ended questions). Students are
expected to answer all questions in the test. KR-20 reliability coefficients were found .76 for
the Inference factor and .61 for the superficial text factor.

2.2.5. Academic Achievement

Official achievement scores obtained by the students in the courses of Turkish,
Mathematics, Science and Social Studies were accepted as the academic achievement.

2.3. Procedure

All instruments were applied to the students under the control of the researcher on the
basis of voluntariness within one week. It was explained to the students how to complete the
tests before the application of all tests The Connectives Knowledge Test was applied first. All
students completed the test in one class hour. On the next day, the Silent Word Reading Test
was applied to the students. Card 1, card 2, and card 3 were handed to the students in this test,
respectively. The students were admitted to the test in two separate groups and sat down to
their places individually so that they could not be affected by each other. Following the
necessary explanations, the practitioner started the one-minute duration of the test, and the
students were asked to put down their pencils when the time was up. The Fluent Silent Text
Reading Test was applied to the students on the next day. The students were admitted to the
test one by one. It was explained to the students that they could go back and read any word
again if they were to read it incorrectly. The text was handed to the students during the test,
and they were asked to read it silently for one minute. The students were also asked to follow
up what they read with their pencils, and if they were to go back, they would do it with their
pencils so that their reading could be observed. In this process, the students were carefully
watched and asked to draw a circle around the last read word once the time was up. On the last
day, the Reading Comprehension Test was handed to the students, and they were asked to
answer all questions. All students completed the test within one class hour. All the tests were
applied in March 2017.

2.4. Data Analysis

Three different confirmatory factor analyses (CFA) were performed to see whether factor
structures were confirmed on the sample by using the maximum estimate method of the AMOS
18 software. The first CFA examined whether the first-order factor structure (temporal,
causation, opposition and expansion) was predicted by the second-order factor structure
(Connectives Knowledge). The second CFA was carried out to find out whether the first-order
factor structure (Card 1, Card, 2, and Card 3) was predicted by the second-order factor structure
(Fluent Silent Word Reading). In the third CFA, it was examined whether the first-order factor
structure (Superficial and Inference) was predicted by the second-order factor structure
(Reading Comprehension).
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Analysis of Covariance (ANCOVA) and Multivariate Analysis of Covariance
(MANCOVA) and analyses were performed to determine whether the demographic variables
grade level and gender had a significant effect on the scale scores. These analyses were
conducted in SPSS 18 software. Levene's Test of Equality of Error Variances of ANCOVA
analysis was not found siginicantly (Fq-261)=.38, p>.05). Levene's Test values for MANCOVA
analyses were ranged from .87 to 3.52 (p>.05). Box's Test of Equality of Covariance Matrices
of MANCOVA was not significant (Fao=1.71, p>.05). Thus, ANCOVA and MANCOVA
assumptions were meet. Two models were tested in the Structural Equation Modeling (SEM),
which is a strong method. In the first model, connectives knowledge was recognized as the
independent variable while fluent silent word reading and fluent silent text reading were
accepted to be the mediatory variables, and the reading comprehension was recognized as the
dependent variable while academic achievement was accepted to be the output variable.
Temporal, causation, opposition and expansion are the indicators of connectives knowledge
were recognized as independent variables in the second model, and other measures were
organized in the same way as in the first model. While connectives knowledge was included in
the first model as the latent variable, subdimensions of connectives knowledge were examined
as observed variables in the second model. Fluent Silent Text Reading was examined as the
observed variable in both proposed models. Acceptability limits of CMIN/x?, RMR, RMSEA,
NFI, CFI, GFI, and AGFI were considered in the evaluation of model fit (Byrne, 2010; Hair,
Black, Babin, & Anderson, 2010; Hu & Bentler, 1995; Schermelleh-Engel, Moosbrugger, &
Miiller, 2003; Schumacker & Lomax, 2004).

All scores were translated into standard scores for the analyses in the first place. No
standard score lower than -3.0 and higher than +3.0 was observed (Bakeman & Robinson,
2014). It was additionally observed that linearity, singularity and multicollinearity assumptions
of SEM analysis were met. Data of five students were excluded from the dataset due to high
Mahalanobis d?. Then, Mahalanobis d? varied between 14.61 and 39.09 (p>.001). These
findings and data were included in the proposed model. Sobel’s z test (Sobel, 1982) was
conducted to test the possible effect in case fluent silent word reading and fluent silent text
reading had the mediatory effect between connectives knowledge and reading comprehension
(Baron & Kenny, 1986; Kim & Bentler, 2006; Preacher & Hayes, 2004).

3. FINDINGS

3.1. Preliminary Analyses
3.1.1. Factor Structure of Connectives Knowledge Test

The CFA results showed good fit (x%@ =2.15, p>.05; x?/df=1.07; RMR=.03;
RMSEA=.01; NFI=.99; CFI=.99; GFI=.99; AGFI=.98). The standardized parameter estimates
differ between .38 and .71 and are significant at .001. In other words, connectives knowledge
predicted temporal factor at .71, causation factor at .68, opposition factor at .38 and expansion
factor at .66.

3.1.2. Factor Structure of Fluent Silent Word Reading Test

The CFA results indicated good fit of the Fluent Silent Word Reading Test (x?@2) =01,
p>.05; x?/df=0.01; RMR=.00; RMSEA=.01; NFI=.1.00; CFI=.1.00; GFI=.1.00; AGFI=.99).
The standard parameter estimates were found significant at .001. Fluent silent word reading
predicted Card 1 at .93, Card 2 at .98 and Card 3 at .92.

3.1.3. Factor Structure of Reading Comprehension

The CFA results showed good fit of the factor structure of the Reading Comprehension
Test (x?(2) =01, p>.05; x%/df=0.01; RMR=.00; RMSEA=.01; NFI=.1.00; CFI=.1.00; GFI=.1.00;
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AGFI1=.99). Reading comprehension predicted inferential at .93 and Superficial at .98. The
standard parameter estimates were found significant at .001.

3.1.4. Effects of Demographics on Measures

Gender and grade level were found to be significant on dependent variables in analyses
conducted without controlling gender or grade level. Wilks Lambda= 2.05, p< .05, 75=.06 for
the gender effect and Wilks Lambda= 26.14, p< .001, 75=.45 for the grade level effect. Grade
level was found to have a statistically significant effect on subscales of connectives knowledge
in the results of MANCOVA performed with students’ genders being kept constant (Wilks
Lambda= 16.06, p< .001, 75=.20). Grade level’s partial eta-squared levels were found (775=.25)
on the temporal factor, (75=.32) on the causation factor, (75=.22) on the opposition factor, and
(75=.27) on the expansion factor. Bonferroni test showed that fifth-grade level was different
from all other levels in all factors. The results indicated that connectives knowledge increased
as the grade level increased. Gender was found to have no statistically significant effect on
subscales of connectives knowledge in the results of MANCOVA performed with students’
grade levels being kept constant (Wilks Lambda= .88, p> .05, 75=.01).

Grade level was found to have a statistically significant effect on subscales of silent word
reading test in the results of MANCOV A performed with students’ genders being kept constant
(Wilks Lambda= 59.21, p< .001, 75=.40). Grade level’s partial eta-squared levels were found
(75=.71) on Card 1, (75=.73) on Card 2 and (75=.72) on Card 3. Bonferroni test showed that
fifth-grade level was different from all other levels in all factors. The results indicated that
achievement of fluent silent word reading increased as the grade level increased. Gender was
found to have a statistically significant effect on subscales of connectives knowledge in the
results of MANCOVA performed with students’ grade levels being kept constant (Wilks
Lambda= 2.22, p< .05, 75=.02). The results were in favor of the girls.

Grade level was found to have a statistically significant effect on fluent silent text reading
test in the results of ANCOVA performed with students’ genders being kept constant (F=
175.25, p< .001, 75=.67). Bonferroni test showed that fifth-grade level was different from all
other levels in all factors. According to the results, achievement of fluent silent word reading
increased as the grade level increased. Gender was found to have a statistically significant
effect on fluent silent text reading in the results of ANCOVA performed with students’ grade
levels being kept constant (F=.7.96, p< .01, 75=.03). The results were in favor of the girls.

Grade level was found to have a statistically significant effect on subscales of reading
comprehension test in the results of MANCOV A performed with students’ genders being kept
constant (Wilks Lambda= 22.69, p< .001, 75=.21). Grade level’s partial eta-squared levels were
found (75=.28) on the inferential factor, (75=.25) on the superficial factor, and (75=.72) on
Card 3. Bonferroni test showed that fifth-grade level was different from all other levels in all
factors. The results indicated that reading comprehension increased as the grade level
increased. Gender was found to have no statistically significant effect on subscales of reading
comprehension test in the results of MANCOVA performed with students’ grade levels being
kept constant (Wilks Lambda= .11, p> .05, 75=.001).

Grade level was found to have a statistically significant effect on subscales of academic
achievement in the results of MANCOVA performed with students’ genders being kept
constant (Wilks Lambda= 9.42, p< .001, 75=.13). Grade level’s partial eta-squared levels were
found (75=.28) on the Turkish course, (75=.30) on the Mathematics course, (75=.31) on the
Science course, and (75=.26) on the Social Studies course. Bonferroni test showed that fifth-
grade level was different from all other levels in all factors. According to the results, students’
academic achievement increased as the grade level increased. Gender was found to have no
statistically significant effect on subscales of reading comprehension test in the results of
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MANCOVA performed with students’ grade levels being kept constant (Wilks Lambda= .48,
p> .05, 75=.008). Arithmetic means and standard deviations obtained in the measures are
shown in Table 1.

Table 1. Arithmetic Means and Standard Deviations of Measures by Gender and Grade Levels

Connectives  Silent Word Silent Text Reading Academic

Knowledge Reading Reading Comprehension  Achievement

n M SD M SD M SD M SD M SD

(L;e:?/(:‘la 64 542 333 5435 506 12578 6.87 1120 391 293.04 55.95

64 932 179 6595 444 13785 648 1435 234 34203 31.90
63 976 92 69.79 152 14185 407 1565 188 34579 25.70
67 1020 1.14 7432 437 15331 953 1661 193 356.26 25.54
Gender Female 134 879 280 66.62 8.05 140.73 1200 1447 3.06 336.26 40.14

Male 124 858 275 6571 892 13890 1229 1447 3.61 33258 48.01

[eo BN Ne)] [¢,]

3.2. Measurement Model

The measurement model was established on four latent variables and one observed
variable. Temporal, causation, opposition and expansion which are four indicators of
connectives knowledge; Card 1, 2, and 3 which are three indicators of silent word reading; and
silent text reading were included in the measurement model as the observed variables whereas
inferential and superficial which are two indicators of reading comprehension; and Turkish,
Mathematics, Science and Social Studies courses’ achievement grades which are four
indicators of academic achievement were included in the measurement model. The goodness-
of-fit indexes were found to be within the good fit limits (x%e1 =87.24, p>.05; x?/df=1.43;
RMR=.06; RMSEA=.04; NFI=.99; CFI=.99; GFI=.99; AGFI=.92). Factor loads varied
between .53 and .97. It was also observed that all standardized parameter estimates were
significant at .001.

3.3. Structural Model

Regarding the goodness-of-fit indexes of the two proposed model, the fit indexes of
Model 2 (x?s4=57.64, p<.05; x?/df=1.06; RMR=1.04; RMSEA=.01; NFI=.99; CFI=.99;
GFI=.97; AGFI=.94) were found better than the fit indexes of Model 1 (x*e5=161.15, p<.05;
x?/df=2.47; RMR=2.19; RMSEA=.07; NFI=.96; CFI=.97; GFI=.92; AGFI=.87). Causations
between connectives knowledge and reading comprehension and between silent text reading
and reading comprehension were excluded from Model 1. After the proposed modifications
had been done, the fit indexes achieved the good fit. According to Figure 2 and Table 2,
connectives knowledge predicted fluent silent word reading ($=.57, t=6.12, p<.001) and fluent
silent text reading (5=.77, t=9.29, p<.001); fluent silent word reading predicted reading
comprehension (5=.83, t=13.21, p<.001), fluent silent text reading predicted fluent silent word
reading (5=.48, t=6.80, p<.001), and reading comprehension predicted academic achievement
(p=.84, t=12.68, p<.001) significantly.
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Figure 2. Results of Proposed Model 1
Note: Dashed lines and bold italic parameters are not statistically significant (p>.05).
Table 2. Results of Model 1°’s SEM Analysis

Dependent Independent .

Variables Variables Estimate Error t B P
SITEREAD <--- Conn._Know. 19.99 2.15 9.29 J7 0 FE
SIWOREAD <--- Conn._Know. 3.59 .58 6.12 57
SIWOREAD <--- SITEREAD A1 .01 6.80 48 Fx*
Read._Comp. <--- SIWOREAD 45 .03 13.21 83 xxx
Acad._Achieve. <--- Read._Comp. 5.50 43 12.68 .84 Fxk

"p<.001

The results obtained in the analyses of Model 2 are shown on Figure 3 and presented in
Table 3. Following the proposed modifications, the fit indexes of Model 2 was found to be
better than the fit indexes of Model 1. The proposed modifications are shown on Figure 3. Two
of the standardized parameter estimates were not found statistically significant. One of these
estimates, the temporal factor of connectives knowledge did not significantly predict fluent
silent word reading ($=.05, t=1.61, p>.05), and the other one, which is fluent silent text reading
did not significantly predict reading comprehension (f=-.10, t=-.89, p>.05). All other
standardized parameter estimates were found statistically significant. Differently from Model
1, it was seen in Model 2 that all factors of connectives knowledge significantly predicted
reading comprehension. Moreover, fluent silent text reading predicted fluent silent word
reading (=.72, t=22.38, p<.001) more strongly. Sobel’s z test was performed to test whether
fluent silent word reading had a mediatory effect between connectives knowledge factors and
reading comprehension. Fluent silent word reading was found to have a mediatory effect
between causation and reading comprehension (z=2.41, p<.01), opposition and reading
comprehension (z=2.31, p<.05), and expansion and reading comprehension (z=2.73, p<.01).
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Figure 3. Results of Proposed Model 2
Note: Dashed lines and bold italic parameters are not statistically significant (p>.05).

Table 3. Results of Model 2°s SEM Analysis

Variables Verbles  Etmae gt g p S
SITEREAD <--- Expansion 5.07 .99 5.08 28 FF*
SITEREAD <--- Opposition 3.51 .58 6.04 30 FF*
SITEREAD <---  Causation 1.72 .73 2.34 14 019
SITEREAD <---  Temporal 2.03 74 2.73 .16 .006
SIWOREAD <--- Temporal A3 .08 161 .05  .107
SIWOREAD <---  Causation .33 .08 3.94 A1 R 2.41%*
SIWOREAD <--- Opposition 24 .07 3.54 .09 xR 2.31*
SIWOREAD <--- Expansion 73 A1 6.14 16 k273K
SIWOREAD <---  SITEREAD 17 .00 22.38 q2 R
Read._Comp. <---  SIWOREAD .23 .07 3.06 44 002
Read._Comp. <---  Temporal .35 .07 4.59 22 FEX
Read._Comp. <---  Causation .23 .07 2.98 15 .003
Read._Comp. <--- Opposition 24 .06 3.78 A7 0w
Read._Comp. <--- Expansion .64 A2 5.29 27 Fxk
Read._Comp. <--- SITEREAD -.01 .01 -89 -10 .370
Acad._Achieve. <---  Read._Comp. 5.62 40 13.82 85  FF*

***p<.001’ **p<.01’ *p<05

4. DISCUSSION AND CONCLUSION

It was concluded that students’ connectives knowledge increased as their grade levels
increased. Higher grade levels also meant higher levels of fluent silent word reading, fluent
silent text reading, reading comprehension and academic achievement. It was found that fluent
silent text reading was in favor of the girls and their scores were higher.

The model established with the factors of connectives knowledge showed better fit. Only
the temporal factor of connectives knowledge did not predict fluent silent word reading
significantly. Factors of causation, opposition and expansion significantly predicted fluent
silent word reading, fluent silent text reading and reading comprehension. These results highly
coincide with the findings of few researches in the Turkish literature. In the study conducted
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by Genger (2013) to examine the relationship between connectives in the text and reading
comprehension, reading comprehension scores of the poor readers were found negative
significantly correlated to the connectives that report “opposition” and “expansion”. In other
words, higher number of connectives in the text meant lower reading comprehension of the
poor readers. The main reason for this is that poor readers cannot process connectives in the
text.

It was found that fluent silent word reading was a partial mediator in the relationship
between connectives knowledge factors of causation, opposition and expansion and reading
comprehension. In the Turkish literature (see Yilmaz, 2008), it was observed that the activity
of having students read the words in a simple way which they misread in the text by writing
down them on cards with the word repetition technique had a positive impact both on reading
fluency and elimination of reading errors and comprehension. The study performed by
Cetinkaya, Ulper and Yagmur (2015) concluded that fluent silent word reading was correlated
to comprehension. It is also known that studies in foreign languages have similar results (see
Yilmaz, 2008). How the students who began to read the words automatically through the word
repetition technique improved their reading skills refers to a similar situation that fluent word
reading skill is closely related to comprehension. The presence of such relationship is
remarkable in the foreign literature (Kim, Wagner, & Lopez, 2012; Verhoeven & Leeuwe,
2008). In a study, which concluded that there is a high-level relationship between fluent word
reading and comprehension, the relationship is shown .50 at the lowest and .87 at the highest
(see Castillo et al., 2009). Coincidence of these findings with the findings of our research is
important in that it refers to similar situations in foreign languages. Another study that can be
associated with the prediction of comprehension by word reading skill was the study of
Yildirim, Yildiz and Ates (2011). In their study, participants’ lexical knowledge was found
moderately correlated to narrative text comprehension and highly correlated to informative text
comprehension. Since high levels of lexical knowledge are important for student to recognize
words and read more fluently, it is obvious that this relationship indirectly refers to the fluent
word reading-comprehension relationship. Hence, both oral and silent reading fluency is
regarded as being associated with comprehension in the literature.

Considering the studies on fluent oral word reading both in Turkish and foreign literature,
fluent word reading positively affects comprehension, individuals who can read a text fluently
or become a fluent reader through the education have higher comprehension levels or there is
an interaction in between (see Bastug & Keskin; 2013; Basaran, 2013; Fuchs, Fuchs, Hosp, &
Jenkins, 2001; Pikulski & Chard, 2005;). According to the finding of this research, fluent silent
text reading did not predict reading comprehension significantly. There can be two
explanations to the case: The first is about the subject being discussed in the literature.
Accordingly, do reading fluency predicts comprehension, or can individuals read fluently
because they can comprehend well? Some researchers argue that this is a two-way relationship
(see Dowhower, 1987; Yildiz, 2013). Yildiz (2013) explored a two-way relationship for the
Turkish language. The second is that the studies in the literature generally conducted through
oral reading. The general opinion is that oral reading predicts comprehension. However, fluent
reading is not performed only orally but also in a silent manner. It is, on the other hand, apparent
that prosodic qualities cannot be observed in silent reading fluency. In the study conducted by
Jenkins and Jewell (1993) on the relationship between fluent silent reading and comprehension,
fourth-grade students’ fluent silent reading levels were found weakly correlated to their
comprehension levels (r=.38), and second-grade students’ fluent silent reading levels were
strongly correlated to their comprehension levels (r=.76). This finding does not coincide with
the finding of our research. Yet, it is remarkable that there is no study on this subject in the
Turkish literature. As many studies on the fluent silent text reading-comprehension relationship
as in oral reading are required to achieve a literal knowledge on the subject. Only then it will
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be possible to provide more concrete explanations of the relationship between fluent silent text
reading and comprehension.

This research concluded that reading comprehension strongly and significantly predicted
academic achievement. Similarly, Yildiz (2013) confirmed the hypothesis that reading
comprehension has a significant effect on academic achievement. Likewise, Ural and Ulper
(2013) drew attention to the relationship between reading comprehension skill and
mathematical modeling. Akay (2004) and Ozdemir and Serts6z (2006) remarkably explored a
similar relationship in terms of mathematical problem solving. Bayat, Sekercioglu and Bakir
(2014) found that reading comprehension achievement significantly predicted the science
course achievement.

Another related study compared students’ score averages of reading comprehension with
their achievements in the courses of Turkish, Mathematics, Social Studies, and Science and
Technology. The study in question observed that students’ reading comprehension
achievements were statistically correlated to their achievements in the courses of Turkish,
Mathematics, Social Studies, and Science and Technology (Yilmaz, 2011). Again, it was
explored in another research that grade averages of the students who like reading books were
higher than the students who do not (Yilmaz, 2012). The common reference point of these
studies is that academic achievement requires sufficient level of comprehension. Coincidence
between all these findings and the findings achieved in our research indicates the dominant role
of comprehension in academic achievement.

It is possible that this research could be taken up in a wider frame and also be a source
for other studies. In this context, similar studies can be done with different sample groups, and
another model proposal can be made based on some other variables that explain the reading.
The limitation of the present study is that the data were obtained from secondary school’s
students at a state school in Burdur province. Future studies should be carried out based on a
larger number of students obtained from different schools and different provinces and in order
to provide more comprehensive results.
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Abstract: This study aims to reveal whether or not the ability to say “no”, ARTICLE HISTORY
which is tried to be taught to students in the 2005 life studies curriculum, has Received: 14 January 2017
been gained by children with regards to various situations. The survey model ) ) ) y
was utilized in the study. The study was conducted with 4t grade studentswho ~ Revised: 11 April 2018
took the class of life studies in primary school 1%, 2" and 3™ grades and Accepted: 25 May 2018
therefore are expected to have gained the ability to say “no”. In order to collect

data, The Ability to Say “No”’-Specific Cases Inventory (NSCI) developed by KEYWORDS

the researchers was employed. In order to be able to evaluate the responses i i .

given to the cases in the NSCI, the “NSCI Rubric” was developed. The data Life studies curriculum,
obtained from NSCI were analyzed according to the many-facet Rasch The ability to say “no”,
analysis using the FACETS packet program. The findings suggest that
students may be able to demonstrate the basic ability to say “no” expected of
them in response to specific cases; however they will not focus too much on
the behavior of making an explanation about the reason why they have said
“no”, or, on performing alternative behaviors after saying “no”.

Many-facet Rasch analysis

1. INTRODUCTION

Regardless of circumstances, people behave reactively in the face of threats against
themselves and their values (Aytag, 2005). One of these reactions is the demonstration of the
ability to say “no”, the most effective way of expressing the boundaries of personal space clearly
and seriously (Bolton, 1979). The significance of the ability to say “no” underlies the
circumstances when having trouble saying “no” can be improper and unsafe while examining
children as well as adults. Some cases in which it is crucial to say “no” are when a child receives
substance use offers, is faced with the risk of being sexually abused, needs to manage time, feels
moral problems, and/or is confronted with inappropriate requests from online environments.
These cases overall include the circumstances when the child should exhibit the ability to say

(13 2

no.

Substance refers to any chemical that can cause addiction when used abusively, resulting
in deterioration of the mood, mental processes and various functions of the brain (Ceyhun,
Oguztiirk and Ceyhun, 2001). When the studies carried out on substance use (Boztas and Arisoy,
2010; Ozyurt and Ding, 2006; Unsal and Sezgin, 2009; Korkmaz Ekren, Basarik, and Ozhan,
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2011; Ogel and Aksoy, 2007) are reviewed, it appears that the age of finishing 4-year primary
school process and the first year after finishing elementary school (10-12 years age) is the time
posing the most risk in terms of starting substance use for the first time. Furthermore, it is easily
inferred how important it is in this period to gain preventive strategies in terms of substance use,
considering that primary school period is when the positive perceptions of the students about
the individuals using substances, like cigarettes, are lower than the middle-school students
(Yazic1 & Sahin, 2006). Therefore, while the children are still enrolled in elementary school,
they need to be equipped with some abilities that will prevent them from starting substance use.
That being said, one of the abilities children need to gain in order to protect themselves about
substance use is the ability to say “no” to both their peers and adults (Tokur Kesgin, 2012).
Gaining this ability, especially in primary school or in the early years of adolescence can make
it easier entirely to reject offers to use substance in the coming years (Belgrave, Reed, Plybon,
& Corneille, 2004).

Sexual abuse is defined as violent sexual acts committed by an adult, a teenager, or a peer
to a child (Rind, Tromovitch & Bauserman, 1998). One of the studies conducted within the
context of sexual abuse children suffer at the international level indicates that 7.9% of males
and 19.7% of females were exposed to sexual abuse before the age of 18 (Pereda, Guilera, Forns,
& Gomez-Benito, 2009). A meta-analysis study carried out at the international level also
demonstrates that at least 164 out of every 1000 girls and at least 66 out of every 1000 boys
suffered from sexual abuse (Stoltenborgh, ljzendoorn, Euser & Bakermans-Kranenburg, 2011).
These studies reveal that the sexual abuse children are exposed to is a serious problem that
should not be ignored anywhere in the world; also, it should be addressed gravely and needs to
be studied in our country, as well (Aktepe, Isik, Kocaman & Eroglu, 2013; Bilginer, Hesapgioglu
& Kandil, 2013; Taner, Cetin, Istk & Iseri, 2015). The problem of sexual abuse in Turkey
requires some strategies to be adopted in order to prevent sexual abuse and to protect children
against sexual abuse, just as in other countries. One of these strategies is the demonstration of
the ability to say “no” against sexual abuse (Ozkan, 2011). With regards to the sexual abuse
children are exposed to, it can be argued whether or not sexual abuse can be perceived by the
child and whether or not a child can say “no” even if he/she perceives it. Within the scope of
this discussion, Polat (2001) asserts that even younger children can easily understand intuitively
what behaviors can be covered by sexual abuse. Sanderson (2010) argues that children are not
completely passive victims of sexual abuse and they can protect themselves if they are informed
of the threats of sexual abuse, are allowed to resist them, and are given the necessary information
to resist acts of sexual abuse.

Time management refers to effective use of time when performing actions for specific
purposes (Claessens, Eerde, Rutte & Roe, 2007). Behaviors related to time management should
start to be gained along with the understanding that time is a fluid and perpetual structure.
According to Passig (2004), the most appropriate stage in this respect is the late childhood stage
when the individual begins to establish connections between events, develops a sense of
continuity in time, and discovers the recurring patterns of time and the sequence of certain
events. Therefore, it can be said that the process of teaching time-management related behaviors
should start during the primary school years. In this respect, it can be argued first that there is a
need to remove the obstacles in front of the ability to exhibit time-management related
behaviors. One of the main obstacles in front of exhibiting time management behaviors is the
lack of ability to say “no” (Mackenzie & Nickerson, 2009). Time management does not actually
refer to managing time; it refers to managing priorities (Manktelow & Anand, 2008).
Accordingly, individuals who do not believe that they have the right to set priorities as one of
the basic assertiveness rights and who prioritize requests for the needs of others rather than their
needs because they cannot say “no” to others cannot succeed in time management.
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The ability to say “no” should also be exhibited in the cases with moral problems. Such
cases may involve non-ethical proposals (Szpalski, Gunzburg and De Kleuver, 2003) as well as
some social-moral problems (Leming, 1997). Therefore, to say “no” in the face of such
situations is the ability to act in line with moral aspects by leaving aside an instinctive reaction
(Calabrese, 1989; Glindogan, 2009). The presence of the moral aspects in the ability to say “no”
suggests that this ability is related to the moral character (Yilmaz & Ersoy, 2016). Considering
the importance of character development in childhood (O’Sullivan, 2004), it can be put forward
that the ability to say “no” in the face of moral problems must be learned in primary school
years.

The recent development in the information and communication technologies has led to the
transfer of face-to-face communication and interaction patterns in the home, at school, at the
market, at the bazaar or on the streets, to virtual or online environments. Such environments
now satisfy individuals’ needs such as chat, entertainment, education, and shopping. Taking
these needs into online environments means that some of the negative daily situations are also
being taken to online environments. In particular, children can experience adverse
circumstances such as sharing their personal information, sending pornographic pictures or
making financial commitments (Livingstone, Bober and Helsper, 2005; Stahl and Fritz, 2002),
receiving face-to-face meeting requests from strangers (Liau, Khoo, and Ang, 2005), and
exposure to violence (Dehue, Bolman and Véllink, 2008) in online environments. As such,
children, as individuals, need to take on responsibilities against risky content and requests
inevitably encountered in online environments (Salifu, 2008) and gain some abilities as part of
these responsibilities. One of these abilities is the ability to say “no” to inappropriate and
unreliable requests and content (Bal & Kahraman, 2015).

The ability to say “no,” which is important in terms of the above-mentioned situations,
has been examined under the 2005 life studies curriculum (Ministry of National Education
[MNE], 2009) within the scope of the skills of “providing security and protection.” In this
context, it is aimed to teach students to say “no” without feeling guilty, to say “no” and to explain
why they say “no”, and to suggest an alternative option after refusing and explaining the reason.
It is also aimed that students will be able to say “no” effectively in the context of self-confidence,
one of the personal qualities tried to be gained by students. Therefore, the 2005 life studies
curriculum has covered a comprehensive, open and direct approach in terms of the ability to say
“no.” However, instead of focusing on the ability to say “no,” the “self-protection ability”,
regarded as a superior ability in terms of conceptual hierarchies, was addressed in the life studies
curricula published in 2015 and 2017 (MNE, 2015; 2017). In these curricula, the ability to say
“no” is limited only to indirect gains in that refusals should be made within the framework of
courtesy rules. From this standpoint, the relevant curricula have shown a limited, indirect and
implicit approach. This change may indicate that the relevant ability is not considered too much
in the life studies curriculum. Yet, scientific reasoning is required in order for such a thought to
be justified. In fact, there is no research in the literature on whether or not the ability has been
gained by students, so there is no scientific ground for this change. Therefore, the present study
aims to reveal whether or not the ability to say “no” has been gained by children in terms of
various situations in so as to allow discussing the change about this ability on scientific grounds.

2. METHOD
Research Model
The survey model was utilized in this study. The survey model is a research model in

which the opinions of a large group of people about a particular issue or topic are sought
(Fraenkel & Wallen, 2006).
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Study Group

This study was conducted with 4™ grade students who took the course of life studies in
primary school 1%, 2" and 3" grades and therefore are expected to have gained the ability to say
“no”. Within this scope, the application was carried out with a total of 275 students in the 4™
grades of six primary schools determined to be able to reach 200-300 students by paying
attention to represent the districts of Diyarbakir province (Baglar, Sur, Yenisehir, Kayapinar) at
least once. However, some of the data collection tools obtained from 275 students was excluded
from the evaluation due to illegible or improper filling. Therefore, 266 data collection tools were
examined within the scope of the research. Considering the Many-Facet Rasch Model, since this
number is over 200, it can be said that the accuracy of the estimates obtained through the relevant
data collection tool is sufficiently high (DeMars, 2010).

Data Collection Tool

In order to collect data in the scope of the present research, The Ability to Say “No”-
Specific Cases Inventory (NSCI) developed by the researchers was utilized. NSCI consists of
five open-ended questions regarding sample cases to measure students' ability to say “no” about
substance use, sexual abuse, time management, moral problems, and online environments that
students may encounter in real life. Through the NSCI rubric, students’ answers to these
questions are examined in terms of their performances to say “no”, to make an explanation, and
perform alternative behaviors. However, a total success score is not calculated for student
success by evaluating their performances to say “no”, to make an explanation, and perform
alternative behaviors together. The reason behind this is that saying “no” is considered as an
assertiveness right in this study and it is not accepted as an obligation to make an explanation or
perform alternative behaviors after saying “no”. The students' ability to say “no” in the face of
all the cases included in the NSCI is regarded as a fundamental performance and students are
expected to exhibit this performance. However, making an explanation about the reasons for
saying “no” or performing alternative behaviors after saying “no” is not considered a necessary
behavior for the students; such behaviors can only be examined in terms of determining the
potential saying “no” attitudes of students, interpreted contextually, or assessed within the
framework of assertiveness rights.

The Davis (1992) technique was employed to ensure the content validity of the cases
prepared in line with the purposes of the research and the literature. According to the expert
opinions obtained in this technical framework, all the validity indices of the five cases in NSCI
vary between 88% and 100% and are above 80%. These indices can be interpreted as an
indication that all cases will remain in the inventory. Although validity indices are quantitative
evidence for the validity of the relevant case studies, experts’ opinions of “quite relevant” and
“somewhat relevant” on the cases have also been taken into consideration in the data collection
tool.

In order to be able to evaluate the responses given to the cases in the NSCI, the “NSCI
Rubric” was developed. In this direction, initially, the NSCI Rubric was designed as a general
rubric to evaluate all the five cases specified in the NSCI in the framework of common criteria.
Second, an analytical structure was established in the scope of sub-dimensions to measure three
sub-performances determined within the scope of ability to say “no” in the 2005 life studies
curriculum (MNE, 2009). These three sub-performances can be described as saying “no”
without the feeling of guilt; saying “no” and explaining the reason of saying “no”, and proposing
another option after refusing and explaining the reason. In the framework of these sub-
performances, the performance dimensions regulated in the NSCI Rubric include saying “no,”
making an explanation and performing alternative behaviors.
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For the purpose of providing validity and reliability in this study (Kutlu, Dogan &
Karakaya, 2010), opinions were obtained from eight experts first, and then from two classroom
teachers regarding NSCI Rubric; thus, preliminary application of NSCI was conducted. In this
context, taking into consideration the data obtained from the classroom teachers and experts,
both the cases in the NSCI and the criteria in the NSCI Rubric have been made clearer and more
comprehensible. Opinions from classroom teachers made it possible to think that the relevant
rubric measures the ability to say “no” in the face of selected cases. The experts commented that
the criteria contained in the NSCI Rubric were not overlapping, the descriptive explanations for
the criteria were sufficient, the descriptive explanations of rating descriptions accurately
reflected the ratings, and the rating numbers reflected the success differences. Taking into
account the expert opinions, the students were asked “What do you tell him/her?”” and “Why do
you say this?” following the case studies. Later, pre-application was carried out with 49 students
in two 4" grade classrooms in a primary school. Based on the pre-application, the cases in NSCI
were made clearer and more comprehensible, and small contextual changes were made to these
cases. In this respect, the performance dimension called “proposing another option” was called
“performing alternative behavior.” The descriptive definition of “proposing negative options”
under this performance dimension was changed to “proposing negative options or performing
negative alternative behaviors.” The descriptive definition of “proposing positive options” was
organized as “proposing positive options or performing positive alternative behaviors.” Finally,
a table of explanations was added just below the rubric, with explanations of the criteria and
descriptive definitions, to ensure convenience for those who will rate answers to the NSCI using
the NSCI Rubric. In this table of explanations, there are some literature and pre-application-
based definitions and potential answers identified in literature and pre-application.

After the pre-application, the final scale was applied to the students in the actual
application and the students' reactions to the related case studies were investigated. Students'
reactions to the NSCI were evaluated by three raters using the NSCI Rubric. The measurement
reports for the rater facet obtained by many-facet Rasch analysis are presented in Table 1.

Table 1. The Measurement Reports for the Rater Facet in the Many-Facet Rasch Analysis

Rater Logit Standard Error Infit MnSq Outfit MnSq
3 ,06 ,02 97 ,97
2 -,02 ,02 1,01 1,02
1 -,05 ,02 1,01 1,04
Mean ,00 ,02 1,00 1,01
S.D. (Population) ,04 ,00 ,02 ,03
S.D. (Sample) ,06 ,00 ,02 ,03

Model, Sample: RMSE: ,02; Standard Deviation.: ,05; Separation: 2,66; Reliability: ,88
Model, Fixed (all same) chi-square: 16,1; d.f.: 2; p=,00

Exact agreements between raters: 85,5%

Expected agreement between raters: 35,7%

Kappa statistics related to inter rater reliability: ,77

According to the measurement reports for the rater facet in the many-facet Rasch analysis
shown in Table 1, the separation ratio is 2.66; and the reliability index is 0.88. Determined in
terms of “model, sample,” this reliability coefficient reflects the difference between the severity
and leniency levels of the raters. The value of 0.88 indicates that the raters differ from each other
in terms of severity and leniency. The p (0.00) value obtained for the “model, fixed (all same)
chi-square” is interpreted that the variation in these ratings is significant. The essential statistics
that should be examined regarding how well the raters make consistent, in other words reliable,
ratings are the exact agreement among raters statistic and kappa statistic. The exact agreement
between raters statistic indicates how three different raters make a consistent evaluation related
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to the responses given to the cases included in the NSCI. This value should be at least 75%; but
it is expected to approach 90%. Therefore, it can be said that the reliability level (85.5%) among
the raters in this study is high. The fact that the Kappa statistic (0.77) is between 0.61 and 0.81
enables us to make a comment that there is an agreement among the raters (Graham, Milanowski
& Miller, 2012). At the same time, the fact that infit and outfit statistics are around 1.0 means
that the raters performed their ratings as independent as possible and that they didn’t experience
too much disagreement (Linacre, 2014). These results indicate that the measurements for
evaluating the data collected with NSCI were performed reliably by using NSCI Rubric.

One of the basic facets examined by the many-facet Rasch analysis in this research is the
“examinee” facet. The data for this facet signifies that the logit value of the examinee with the
highest performance in terms of the ability to say “no” in the face of specific cases is 1.95; the
logit value of the examinee with the lowest performance in this case is -4.02. These values imply
that the ability of students to say “no” in the face of specific cases has been evaluated over a
wide range. Since the logit values for all of the 266 examinees covered in this study cannot be
given, only the mean logit values, standard errors, infit and outfit statistics of all individuals are
given in Table 2.

Table 2. The Measurement Reports for the Examinee Facet in the Many-Facet Rasch Analysis
Logit Standard Error Infit MnSq  Outfit MnSq

Mean 49 ,19 1,05 1,01
S.D. (Population) 74 ,03 72 ,80
S.D. (Sample) 74 ,03 72 ,80

Model, Sample: RMSE: ,19; Standard Deviation.: ,71; Separation: 3,81; Reliability: ,94
Model, Fixed (all same) chi-square: 2956,0; d.f.: 265; p=,00

According to the measurement reports for the examinee facet in the many-facet Rasch
analysis given in Table 2, infit and outfit statistics are 1.05 and 1.01, respectively. The fact that
these values are close to 1 suggests that there is very little distortion in the measurement system.
The fact that the average outfit statistic is close to 1 proposes that the data obtained fit the model
(Brentari and Golia, 2008). The separation ratio of 3.81 and the reliability index of 0.94 indicate
that the measurements related to the NSCI made with the NSCI Rubric can distinguish
examinees in terms of their ability to say “no” in the face of specific cases. Moreover, “the
model, fixed (all same) chi-square” statistic of 2956.0 and the p value of 0.00 can be interpreted
as a significant difference in the students' performance to say “no” in the face of specific cases
(ilhan, 2015).

The ultimate facet that can be examined in the many-facet Rasch analysis is the item facet.
The measurement reports obtained with the multi-facet Rasch analysis for the item facet is given
in Table 3.

A measurement report should have a separation ratio of at least 2 (Linacre, 2012) and a
reliability index of at least 0.70 (Walker, Engelhard, and Thompson, 2012). Table 3 reveals that
the separation ratio for the items in NSCI is 19.19 and the reliability index is 1.0. These statistics
signify that the items in the NSCI differ from each other in terms of the level of difficulty (ilhan,
2015). This is considered to be a significant difference due to p value (<0.05). Unfit and outfit
statistics between 0.5 and 1.5 indicate that the model-data fit is gained (Brinthaupt and Kang,
2014).
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Table 3. The Measurement Reports for the Item Facet in the Many-Facet Rasch Analysis

Madde Logit Standard Error Infit MnSq  Outfit MnSq
3 1,31 ,05 51 ,55
15 75 ,04 72 72
14 67 ,04 84 87
12 63 ,04 78 84
2 ,59 ,04 1,09 1,20
6 49 ,04 ,88 97
9 44 ,04 1,04 1,27
5 39 ,04 ,90 98
1 ,26 ,04 83 ,98
8 -,22 ,04 1,22 1,29
1 -,56 ,04 1,44 1,26
4 -73 ,04 ,92 ,88
13 -1,24 ,05 1,33 1,03
7 -1,32 ,06 1,47 1,38
10 -1,46 ,06 1,35 ,95
Mean ,00 ,04 1,02 1,01
S.D. (Population) .83 ,01 28 22
S.D. (Sample) ,86 ,01 ,29 23

Model, Sample: RMSE: ,04; Standard Deviation: ,86; Separation: 19,19; Reliability: 1,0 Model, Fixed (all
same) chi-square: 4214,7; d.f.: 14; p=,00

Within the many-facet Rasch analysis, category statistics are given after the measurement
reports for each facet. These statistics provide evidence whether the 4-point rating scale (0-3) in
the NSCI Rubric works well. The category statistics obtained for this study are shown in Table
4,

Tablo 4. Category Statistics for NSCI Rubric in the Many-Facet Rasch Analysis

Cumulative Average Expected Outfit
Scale category f % % Measure Measure MnSq
0 1604 13 13 -,58 -,68 1,4
1 4845 40 54 -,03 ,05 5
2 912 8 61 ,97 ,65 1,2
3 4609 39 100 1,33 1,34 1,2

As it can be inferred from Table 4, there are more than 10 observations in each scale
category (0-3), as needed. In addition, as the category level of the rating scale increases (from 0
to 3), the average measures (from -58 to 1.33) also increase. Outfit statistics are distributed
between 0.5 and 1.5. These three findings can be regarded as evidence that the rating scale in
the NSCI Rubric works well (Linacre, 2014).

Data Analysis

The data obtained from the NSCI were analyzed according to the many-facet Rasch
analysis using the FACETS packet program. Rasch is a logistic model with one parameter based
on item-response theory, indicating the relationship between the ability or property measured
by a measuring tool and the response given to an item (DeMars, 2010). Since this model is based
on item-response theory, it gives more weight to distinctive and reliable items, taking into
account item difficulty or item discrimination during scoring. Thus, more reliable results are
obtained compared to the raw scores (Baker, 2016). In this study, examinee, item, and rater
facets were processed in the analysis performed according to the many-facet Rasch analysis. In
order to carry out the analysis, the model-data fit hypothesis was tested first. For this purpose,
the measurement reports for the item facet in the many-facet Rasch analysis (see Table 3) were
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examined. By reason of the fact that the infit and outfit statistics given in this report range from
0.5t0 1.5, itis considered that the model-data fit assumption required for the analysis is provided
(Brinthaupt & Kang, 2014). Since ensuring model-data fit connotes that the assumptions of
unidimensionality and local independence required for the many-facet Rasch analysis are also
met, the findings from the analysis are presented.

3. FINDINGS

Within the scope of this study, five different cases (substance use, sexual abuse, time
management, moral problems, and online environment requests) were presented to primary
school 4™ graders to find about their abilities to say “no” to specific cases. The responses of the
students related to the reactions they will exhibit in the event of these five cases were rated by
three independent raters using NSCI Rubric. These ratings were analyzed according to the
many-facet Rasch analysis. The variable map created by the many-facet Rasch analysis is given
in Table 5.

The first column of Table 5 contains the logit scale and the last column contains the rating
scale. The other columns include item, examinee, and rater facets. In the examinee column, the
level of students’ performance and the degree of difficulty of the item increase from bottom to
top. In order to make better comments on this issue, the logit scale needs to be examined.
Examinees with more positive values on the Logit scale refer to the examinees with higher
performance levels, while items corresponding to positive values refer to more difficult items
(Bond & Fox, 2001). Therefore, negative values in this respect indicate individuals more
unsuccessful in relation to related performance in terms of examinee facet, while these values
indicate performance tasks realized more easily in terms of item facet. When the many-facet
Rasch model obtained in this study is examined, it is understood that most of the examinees
included in the study correspond to positive values in terms of logit scale. This indicates that the
majority of the 4™ graders participating in this study had a high ability to say “no” in the face of
specific cases. The students with the highest ability to say “no” in the face of specific cases are
the students 40 and 151, while the students with the lowest performance in this respect are the
students 102 and 11. When the item facet of the Rasch model is examined, it is seen that the
highest performance of the students is seen for the item 10 (being able to say “no” in the face of
moral problems), followed by the 7% (being able to say “no” in terms of time management), 13"
(being able to say “no” in terms of online environments), 4" (being able to say “no” in terms of
sexual abuse), 1%t (being able to say “no” in terms of substance use), and 8" item (making an
explanation in terms of time management), respectively. The other items are the ones that
students have difficulty to perform well because they are positive in terms of logit values.
Among these items, the students have the poorest performance for item 3 (performing alternative
behaviors in terms of substance use), followed by 15" (performing alternative behaviors in terms
of online environments), 14" (making an explanation in terms of online environments), 12" and
2"d (performing alternative behaviors in terms of moral problems and making an explanation in
terms of substance use), 6" and 9" (performing alternative behaviors in terms of sexual abuse
and time management), 5" (making an explanation in terms of sexual abuse), and 11" item
(making an explanation in terms of moral problems), respectively. These findings suggest that
the students may be able to demonstrate the basic ability to say “no” expected of them in specific
cases; but they will not focus too much on making an explanation about the reasons why they
have said “no” and performing alternative behaviors after saying “no.”
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Table 5. The Variable Map of the Ability to Say "No" to Specific Cases

Bttt i et +
|Measr | +BIREY |-MADDE |+BIREY | -PUANLAYICI|Scale]
| ——=== o Fm—————— o tom— +———— |
| 2 + + + + + (3) |
| | 40 151 | I | | |
| | | I | | |
| | | I | | |
| | 28 29 | [ | | |
| | 20 32 136 253 | [ *. | | |
| | 71 150 165 166 237 255 | | x> | | |
| | 88 105 145 | | * | | |
| | 35 73 75 76 | | * | | ===
| | 77 127 128 169 | 3 | | | |
| | 23 27 56 129 134 144 168 199 250 | | xxx | | |
| | 22 37 55 74 94 99 193 226 256 266 | | xxx, | | |
| | 49 80 100 101 104 162 188 194 197 198 245 257 | | oxxk | | |
| 1 + 66 84 85 131 147 164 173 190 259 + R + + |
| | 24 41 53 135 171 181 212 244 | | oxx. | | |
| | 33 42 58 59 64 79 89 92 95 98 112 139 161 176 177 179 219 220 232 246 247 261 | | ks | |
| | 17 18 38 44 48 69 82 180 206 | 15 [ | 2 |
| | 9 14 45 51 72 86 103 123 125 126 137 138 167 183 200 213 249 258 | 14 | xxHkk X | | |
| | 3 4 25 26 47 81 96 122 146 172 178 191 209 | 12 2 | xRk | | |
| |1 21 34 36 43 106 109 121 149 182 186 192 201 | | xRk, | | |
| | 2 7 30 50 52 54 60 62 78 87 107 153 158 160 174 184 187 189 210 230 239 251 262 265 | 6 9 | xRwkkRAR | | |
| | 46 63 67 93 152 248 252 263 | 5 [ x>, | | |
| | 10 57 68 70 83 140 207 222 238 | | xxx | | ===
| | 12 133 163 240 | 11 [ > | | |
| | 108 124 132 154 175 204 217 218 224 233 | |oxxx, | | |
| | 90 91 110 117 130 170 205 211 225 264 | |oAE | 3 | |
* 0 * 5 115 118 120 156 185 215 228 229 241 260 * kxR * 2 * *
| | 116 208 214 | | * |1 | |
| | 61 141 159 195 | [o*. | | |
| | 16 | 8 (- | | |
| | 111 143 223 227 242 | [ | 1
| | 114 142 235 243 | [o*. | | |
| | 113 221 | (. | | |
| | 39 97 203 |1 [ * | | |
| | 31 148 202 234 | [ | | |
| | 6 65 157 | | * | | |
| | 13 | 4 | | | |
| | 155 | I | | |
| | | I | | |
| -1+ 15 236 + + + + |
| | | I | | |
| | | I | | |
| | 8 119 196 | 13 [ * | | |
| | |7 I | | |
| | 231 | I | | |
| | | 10 | | | |
| | | | | | |
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4. DISCUSSION, RESULTS AND RECOMMENDATIONS

The written responses of the 4th graders to the specific cases examined by NSCI imply
that they may be highly capable of saying “no” in various cases. When this performance of the
students is examined in terms of the behaviors planned to be taught as part of the ability to say
“no” in the 2005 life studies curriculum (MNE, 2009), there is no serious problem in terms of
the behavior of saying “no”. Given the students’ responses to the specific cases included in the
study, it can be inferred that they can easily say “no” in the face of inappropriate situations.

The study results indicate that the students’ ability to say “no” is high in the face of events
containing moral problems, time management, and online environments, respectively.
However, when it comes to sexual abuse or substance use, they show relatively low
performance. The fact that the students exhibited the highest performance for the ability to say
“no” in the face of a case with a moral problem in the context of violence is consistent with the
fact that Astor (1994) found that all children condemned the violence. The fact that students
can say “no” in the face of a moral problem means that they have an instinct to conduct the
behaviors regarded to be right according to their moral common sense. This is interpreted as
the possibility that they may have developed a moral character at a certain level (Lickona,
1996). Considering the fact that moral character development is largely shaped during
childhood, when children are most expected to feel guilty and develop perspectives and self-
control as a meta-moral characteristic (Berkowitz, 2002), this result becomes more of an issue.
In this study, students responded that they could say “no” in the context of violence and
aggression; thus it is concluded that they have moral information and feeling that they should
exhibit self-control in a meta-moral sense by blocking their aggressive feelings. The extent to
which moral information and feelings direct real-life moral behaviors cannot be interpreted
clearly within the limitations of this study; but it is expected to be so.

The results also suggest that a majority of primary school 4" grade students participating
in this study can say “no” in the face of the case related to time management as well as the case
with a moral problem, indicating that the students have great self-management skills (Giiglii,
2001) and time control perceptions (Macan, Shahani, Dipboye & Philips, 1990). Considering
the positive relationship between time management and academic achievement (Forsyth, 2009),
this result reflects a desirable situation. Glenn (2003) states that one of the skills that must be
possessed in terms of time management is the ability to “set priorities”. The results of this study
demonstrate that students can set priorities in terms of actions such as “doing their homework”
or “satisfying others by fulfilling their non-urgent requests” when considering the content of
the time management-related case presented to the students. Therefore, it is inferred that the
students participating in this research will not feel bombarded and overloaded (Lovely and
Smith, 2004) if they can convert their thoughts about the ability to say “no” to real-life
behaviors. According to a study conducted by Livingstone, Haddon, Gérzig, and Olafsson
(2011), 14% of children who made online contact with people they did not know, shared their
photo/video with these people and 15% of them shared their personal information with these
people. Notwithstanding the fact that the majority of the children are not involved in such
activities, these ratios still demand urgent intervention.

Likewise, this research has made it clear that the majority of the students can say “no” in
the face of the risky situations they may encounter including sharing images and personal
information with strangers in online environments. Considering that the vast majority of
primary school students use the internet to help them with their homework both in Turkey
(Yolcu, 2007) and in other countries across the world (La Ferle, Edwards, and Lee, 2000), this
result can be interpreted as the awareness about the proper use of the internet. Since this study
does not include an external control element such as parents or secure internet software in the
case measuring being able to say “no” in the online environments, it is also thought that the
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students have an internal control of sharing personal information and using video chat. When
the possibility of the lack of external controls (Berson, Berson and Ralston, 1999) is taken into
consideration, this internal control can express a more effective and more important quality
when it comes to protecting oneself from the risks of the internet. Although all these conclusions
and interpretations support the finding that the tendency of insecure use of the internet has
diminished over time, as suggested by the longitudinal studies of Valcke, De Wever, Van Keer
and Schellens (2011), they do not imply that all individuals use the internet in a safe manner.
Still, there are individual differences in the use of insecure internet. As a matter of fact, this
study has revealed that there are students who are inclined to share their personal information
with strangers, or talk with them to get help for their homework.

The studies carried out by Leclerc, Wortley, and Smallbone's (2011) indicate that children
apply the saying “no” strategy mostly, after the strategy of stating that they do not want it in the
face of sexual abuse. The results of this study also indicate that a remarkable majority of
participants may say “no” to sexual abuse. This strategy is important in that it creates a fear
(Elliott, Browne, and Kilcoyne, 1995) in the individual who intends to exploit; thus, it may lead
to a backwards step. However, in this study, it is understood that the results for the cases
including sexual abuse reflect a relatively low level of “saying no” compared to the cases
including moral problems, time management, and online environments. The underlying reason
for this is mainly thought to be the fact that some of the students may not have perceived the
“peeking” phenomenon discussed in the relevant case as a sexual abuse, or that they do not
anticipate that there is such a possibility within the scenario of the case. However, given that
one of the reasons for children's exposure to sexual abuse is deception (Ceylan et al., 2009) and
that they cannot perceive the scenario of helping, showing interest, and love (Polat, 2001), it is
necessary to point out that some students in this study are at least exposed to the risk of sexual
abuse at the level of peeking.

According to Bektas (2009), the use of substances by individuals can be reduced through
the acquisition of social skills such as the ability to say “no.” This study shows that primary
school 4" grade students have the foreknowledge and awareness that they can use their ability
to say “no” to reject the substance use. Therefore, it is estimated that the rate of substance use
among children can be reduced if the foreknowledge and awareness are converted to behavior
by the students. Although the context of the sample case including substance use in this study
was designed to make students curious, it is understood that students will not be affected by
this emotion that may be effective in substance use (Kamusli, Karatay, Terzioglu, and Kublay,
2008). All these results can be regarded positive results in terms of saying “no” to substance
use. However, despite these positive results, it is noteworthy that the rate of saying “no” to the
substance use is lower than the rate of saying “no” to all the other cases. It is thought that this
situation is caused by the fact that the related case is given in “play” scenario. Therefore, in
terms of substance use, it is possible to deduce that playmates and gaming environments may
be decisive for at least some children.

According to the results obtained from the research, the students are at a desired level in
terms of being able to say “no”. However, although they make explanations related to why they
have said “no” in the cases regarding time management, they do not reflect such a tendency
toward other specific cases. At the same time, the explanations made by the students suggest
that they will not perform an alternative behavior after saying “no” regardless of the specific
case concerned. These results can be perceived completely negative only when the goals of the
2005 (MNE, 2009) life studies curriculum related to the ability to say “no” are to be considered.
This is because, according to these results, most of the students state that they will not make an
explanation about the reasons for saying “no” and they will not perform alternative behaviors
even if they say “no” in the face of specific cases. However, it should be noted that there is no
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obligation in this regard when considering the context of the cases presented to them and
assertiveness rights (Kemp, 2006). In this context, there is a need to discuss the reactions that
students have stated in response to each case.

The case related to the substance use in this study can be accepted as a case in which
saying “no,” making an explanation about the reasons for saying “no” and performing an
alternative behavior are necessary. Therefore, the students participating in this study were
expected to make an explanation in order to inform their friends of the reasons for saying “no”
in response to the offer of playing game presented in the form of smelling a substance they are
not familiar with. Besides, suggesting alternatives such as playing another game to rescue
themselves and their friends from the risky situation they are in, or performing positive
alternative behaviors such as leaving the scene against the risk of not being able to persuade
their friends, can also be considered as logical approaches.

Considering in the context of real life, the case related to the sexual abuse is approached
as a case in which saying “no” and performing an alternative behavior are necessary and making
an explanation is preferable. In this case, in which students have already said “no” to protect
the private parts of their body, making an explanation to the other side depends entirely on how
qualified the student can make this explanation. An explanation of the students that “they can
only bath in their own home” may not harm them or be regarded as a necessity. However, the
students must perform alternative behaviors such as getting away from the scene and sharing
this with their family because their clothes are contaminated and private parts of their body can
be peeped out.

In the current study, the case measuring the ability to say “no” in the case regarding time
management can be considered as a case in which saying “no” and making an explanation about
the reasons for saying “no” are necessary; but performing an alternative behavior is not a
necessity in this matter. In this context, in terms of time management, the fact that participants
made an explanation about the reasons for saying “no” to their neighbors can be interpreted as
a demonstration of kindness and can be accepted as a right behavior. However, considering the
assertiveness rights, it is considered that the students do not have the obligation to perform
alternative behaviors by postponing the demand of the neighbors because they do not have time.

Likewise, in the case of substance use, the case with a moral problem can be evaluated as
a case in which students have to say “no,” make an explanation about the reasons for saying
“no” and perform alternative behaviors. However, it is seen that students do not prefer to make
an explanation about the reasons for saying “no” to violence against an old person to their
friends, even if they have said “no” in response to this case. Furthermore, there are no signs
indicating that students may perform an alternative behavior in this regard. Yet, it is predicted
that it may prevent other friends, as well as themselves, from the same misconduct to make an
explanation about why it is wrong to resort to violence against an elderly person or perform
alternative behaviors to solve the conflict between the old man and other children.

Students may face a variety of risks in online settings. Therefore, the students are
expected to say “no” or behave in a way that could mean “no” in the face of proposals and
requests from strangers. In this context, students’ efforts to make an explanation about the
reasons for saying “no” to a stranger can cause the other party to try to persuade them. However,
in such a context, students may be expected to employ exit strategies such as warning, blocking,
or reporting the individuals disturbing them in the online environment as alternative behaviors
as Tynes (2007) suggests.

In a general sense, the fact that 4™ grade students in elementary school gave written
answers that they could say “no” to all the cases reflect the desired situation. However, the fact
that students have not made any explanations and performed an alternative behavior in the face
of the cases related to moral problems and substance use and that they have not performed an
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alternative behavior in the face of the cases related to online environments and sexual abuse
can be considered as a problem.

The present study shows that 4™ grade students in primary school showed a certain level
of cognitive and affective readiness to say “no” in specific cases. Nevertheless, a definite
comment on the extent to which this level of readiness can lead to the behavior of saying “no”
in real life cannot be made depending on the data obtained within the limits of this research.
However, it may well be said that both parents and teachers need to evaluate and process this
level of readiness of the children with regards to saying “no.” In this regard, it is suggested that
they should create opportunities that will allow the children to say “no” in the safe environment
of the home or school.

The results obtained from the research indicate that the students can say “no” in order to
protect themselves; but it is thought that they can perform relatively poorly in this respect when
it comes to the cases including substance use or sexual abuse. Therefore, individuals and
commissions who will carry out program development studies within the life studies curriculum
need to extend the scope of the specific cases of saying “no” to handle high-risk events such as
substance use and sexual abuse. Moreover, it is expected that these individuals and
commissions should enrich the content of the life studies curriculum with information on how
the demands, offers, and behaviors of sexual abuse and substance use can be manipulated.

Notwithstanding the fact that many of the students' performance of saying “no” in specific
cases seem satisfactory, their performances in making an explanation and performing an
alternative behavior remain below a certain level for many specific cases irrespective of the
context. In order to solve this problem, the program development working groups coming
together to develop life studies curriculum should determine first, in which specific cases the
behaviors of explaining the reasons for saying “no” and suggesting an alternative option after
rejecting and explaining the reason can be true, in which cases they can be wrong, and in which
cases such behaviors can depend on preferences. Later, students should be motivated to exhibit
these behaviors in situations where it is acceptable to exhibit them. As a solution strategy for
the situations in which saying “no” is necessary, students should be expected not only to suggest
another option but also perform a positive alternative behavior when no other option is possible.
In addition, students should be taught what qualifications the explanations they will make
should have in the face of a situation in which they have said “no” and which options they will
suggest and which behaviors they will perform can solve the problems arising out of the
situations in which they have said “no”.
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Abstract: The purpose of the study was to construct and validate a Physics ARTICLE HISTORY
Aptitude Test (PAT) for senior secondary schools. The test was designed —

primarily as an assessment tool for senior secondary school students who have Recgved. 26 March 2018
aptitude for Physics. Four research questions guided the study. It was an  Revised: 13 May 2018
instrumentation study designed to produce an assessment tool for senior Accepted: 29 May 2018
secondary school students. A sample of 200 students was randomly selected
through stratified random sampling technique. The data collected were
analysed to determine the validity of the test, item validity through item KEYWORDS
analysis and reliability of the Physics Aptitude Test. The findings revealed that Construction,
the Physics Aptitude Test (PAT) has adequate face and content validities. Itis  v;lidation
made up of 50 items. The difficulty and Discrimination indices were ’
appropriate because they are within the standard range of indices for the test.
Difficulty indices range from 0.30 to 0.70, Discrimination indices range from
.30 to 0.44. A reliability coefficient of 0.94 was obtained through Kuder
Richardson formula 20 as a measure of internal consistency. Since the Physics
Aptitude Test (PAT) was highly valid and reliable, it was recommended that
it should always be used as an assessment tool for determining the aptitude of
senior secondary school students in Physics.
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1. INTRODUCTION

Education in Nigeria, before the coming of Western Education was mostly oral and
informal. Assessment of the informal or traditional education was mainly oral. Written test or
formal examination had no place in the evaluation (Ohuche & Akeju, 1988). The advent of
Western education in Nigeria gave birth to formalized mode of testing and examination in the
educational system. These examinations are in two forms, internal and external examinations.
The internal examinations are test items that are designed and administered within the school
such as terminal examinations, promotion examinations and so on, while the external
examinations are those examinations conducted by public examination bodies which are
external to the students for the purpose of certification, placement, and job opportunities. Some
of these bodies include the West African Examination Council (WEAC), State Ministry of
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Education, Joint Admission and Matriculations Board (JAMB), National Examination Council
of Nigeria (NECO).

According to Egbule (2002), the term test connotes a common set of tasks or a
presentation of a standard set of questions to be answered. Based on the answers provided to
the series of questions we obtain a measure that is subject to evaluation. Therefore, a test can
be defined as any kind of procedure or device for measuring aptitude, interest, ability,
achievement and any other traits or personal attributes.

A test as a set of questions, problems, puzzles, symbols and exercise used to determine a
person’s ability, aptitude, knowledge qualification, interest and level of social adjustment.
Thus, when you can measure what you are speaking about and express it in numbers, you know
something about it; but when you cannot measure it and you cannot express it in numbers, your
knowledge about it is of a meagre and an unsatisfactory kind.

Similarly, a test is a sample measure of behaviour from which inferences may be made to
a universe of behaviour. This implies that the purpose of most tests is to measure a sample of
behaviour. To attempt to measure the entire behaviour at a time may be difficult and farfetched.
It is, therefore, only reasonable to measure and obtain a numerical estimate of a single aspect
of performance at a time such as language, mathematics, specific aptitude, artistic performance
and so on. Therefore, test enables us to measure and understand a concept, sample behaviour
or personal attributes. It serves the purpose of selecting students into educational programmes,
classification of students, and certification after graduation from one level of education to
another, prediction of future performance or potential, verification and evaluation of academic
programmes as well as provision of significant data and information for counselling and
diagnosis.

1.1. Review of Literature

Test construction simply implies a systematic process of assembling test items or the
preparation of a test by drawing and compiling series of questions which constitute the task for
the students. Test Validation on the other hand, is defined by Gronlund (1976) as a procedure
for standardising test items by treating them statistically to remove all source of bias in the
process of making them valid, reliable, objective and usable.

Itsuokor (1995) suggested an outline for an effective test construction. He noted that a
satisfactory sample is most likely to be obtained when test preparation follows a systematic
procedure. He listed the following steps as being useful for this purpose.

a) General statement of instructional objectives;

b) Making an outline of the content to be covered;

c) Preparation of a table of a specification and

d) Constructing test items that measure the objectives in the specified table.

Similarly, Okobia (1990) stated that in constructing and validating a test, certain
procedures are followed. As such most measurement and evaluation experts have come to agree
that test preparation is a procedural and a systematic process. However, construction and
validation strategies may vary from one author to the other depending on the nature of the test.
Brown (1983) reports that Educational Testing Services (ETS) recommended typical sequences
of construction and validation which is stated as follows:

1. Planning the test

2. Writing the items

3. Pretesting the items

4. Preparing the form

5. Collecting the reliability and validity evidence

6. Developing normative and interpretative materials.



Osadebe & Nwabeze

However, as noted by Osadebe (2001), principles of test construction are the guidelines
for developing a test. Test construction is a special area for differential psychologists, test and
measurement experts. Test is a valid and reliable instrument. Teachers should be guided in
constructing items/test following the principles stated below;

1. Planning

2. Item writing

3. Item analysis-trial testing

4. Composition of item

5. Reliability

6. Printing and Administration

7. Marking and scoring (measurement)
8. Manual

Therefore, the physics teacher, having undergone a course of training in measurement
and evaluation should be able to construct, validate, select, administer and score a test as well
as interpret the scores generated from tests. There is a notable short fall of test material
standardized or normed in Nigerian culture for use in educational services. This situation creates
a problem in educational development of the students, for example in Nigeria; it is unfortunate
that many of the inappropriate vocation choices are as a result of ignorance and illiteracy on the
parts of parents. They have fixed ideas of the course of study, which they would want their
children to study, and also the interest of their children in the said course of study (Zhao,
2006).These led students into choosing courses that are either too low or above their mental
capacity.

It should be noted that students’ low intellectual ability, poor aptitude disposition coupled
with low level of aspiration for particular courses like physics have a devastating implication
on the students. These problems are as a result of absence of requisite test materials in physics
and also in educational and vocational counselling. It should be noted clearly that many failures
recorded in the sciences today especially in physics is as a result of wrong selection of courses
to be studied.

Therefore, the need for proper matching of aptitudinal disposition of the student is what
prompted this study on the construction and validation of Physics aptitude test. Based on this,
it is important to emphasize the meaning and relevance of aptitude test in physics. Aptitude
generally implies an innate potential of special ability that is capable of predicting future
performance (Bannatyne, 1974).

According to Cronbach (1970), aptitude test is a proficiency test that measures ability to
perform some task significant in its right. An aptitude test in this regard, is intended to predict
success in some occupation or course of training. Cronbach (1970) reported that there are many
types of aptitude, musical aptitude, reading aptitude, clerical aptitude, spatial aptitude and
numerical aptitude.

Aptitude testing according to Itsuokor (1995), embraces intelligence and achievement,
personality, interest and other skills which predispose one to learning. On this basis, he sees
aptitude as an ability to learn, and aptitude test assess knowledge, skills and other characteristics
that serve to predict learning and success. According to him, aptitude tests cover wide range of
human behaviour among which is mechanical aptitude, clerical aptitude, musical aptitude and
artistical aptitude. An example of aptitude test commonly used for school educational and
vocational counselling is the Differential Aptitude Tests (DAT) which comprises eight distinct
sections — verbal reasoning, space — relations including visualization and perception, clerical
spread and accuracy, mechanical reasoning, language, spelling and usage (Berk, 1982).Aptitude
test is used to investigate not only what a student can do but also what he does. Therefore,
aptitude test is used to forecast success in future assignment or occupation. Physics is a physical
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science subject that is concerned mainly with matter as it relates to energy. It has many
applications in other fields, for example in chemistry, biology, pharmacy, engineering and other
related fields or disciplines. It should be noted that physics is one of the subjects on which
modern technology is based. There is the need therefore to lay a solid foundation in the subject
by way of developing instrument that can be used to predict or forecast one’s success on the
subject in future. However, the major reason for this study is to make the students ready for
their future. This will be achieved by proper planning and adequate making, and choosing the
right so as to properly adjust, or ignore a job. Therefore, the need for proper career planning at
entrance into the senior secondary school becomes very important.

Agbola (1990) carried out a study on construction and validation of Mathematics
Achievement Test for JSS3 students in Ondo State. He used 50 items in his final test. He
involved both rural and urban schools. His calculated t — value was 7.74 which were greater
than the 1.96, the critical value at 0.05 level of significance. He found out that there was a
significant difference between the scores obtained by the students located in the urban and rural
areas in the Ondo state JSC Examinations. Students in the rural areas perform better than the
students in the urban areas.

Irighweferhe (2008) carried out a study on construction, validation, and standardization
of mathematics achievement test for senior secondary school students in Delta State of Nigeria.
The items for the test were drawn from the National curriculum for senior secondary school
Mathematics. The items covered the following areas, number and Numeration, Algebraic
processes, Plan Geometry, Trigonometry, menstruation and statistics and probability. The
constructed test was administered to a sample of 1000 SS3 students in the 2007/2008 academic
session selected through stratified random sampling. The result obtained from student’s
performance was norm using standard score of Z-scores and T-scores. The norm profile of
performance of student across gender, location, subject combination and school type indicated
that there was a relationship performance of student among the above mention variables. It was
therefore recommended that the standardized mathematics achievement test should be used in
preparing and assessing the performance of students preparing for the senior secondary school
certificate examination and at same time gaining insight into their potentials in mathematics.
Test manuals for the Standardized Mathematics Achievement Test (SMAT) was also prepared.

Akaezue (2009) carried out a study on construction and validation physics aptitude test
in senior secondary school in Sapele Local Government Area of Delta State. To achieve this
purpose four research question were drawn to guide the study. It is an instrumentation study.
The instrument developed is called physics aptitude test. A sample of hundred students was
used to determine the item difficulty, discriminatory index validity and reliability of the physics
aptitude test. The test has content validity; a reliability of 0.75 was obtained through the use of
Kuder — Richardson formula 20. The test has a standard error of measurement of 3.15.The
difficulty level of the test ranges from 0.325 to 0.855 while the discriminatory level ranges from
0.15 to 0.48. The researcher found out that the test has high content validity, the items of the
test are suitable in terms of its difficulty and discriminatory indices and also the test and its
entire subsections have high degree of internal consistency with a low standard error of
measurement.

The review carried out in this study indicated that some studies have been done in test
construction and validation in many subjects such as Chemistry, Biology, Geography,
Economics, Mathematics and Integrated Science but not much, known to the researchers, has
been done in Physics in Delta State in recent times. This is the gap the study covered.
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1.2. Purpose of the Study

The main purpose of the study was to construct and validate Physics Aptitude Test (PAT).
Specifically, the study determined the following:

1. Validity of the Physics Aptitude Test

2. Difficulty index of each item of the Physics Aptitude Test

3. Discrimination index of each item of the Physics Aptitude Test
4. Reliability of the Physics Aptitude Test

1.3. Research Questions

The study was guided by the following research questions:

1. What is the validity of Physics Aptitude Test?

2. What is the difficulty index of each item of the Physics Aptitude Test?

3. What is the discrimination index of each item of the Physics Aptitude Test?
4. What is the reliability of Physics Aptitude Test?

2. METHOD

The design of this study is instrumentation. It involves the construction and validation of
Physics Aptitude Test (PAT). It is designed for selecting senior secondary school students who
have ability for Physics.

The population for this study comprises public Senior Secondary 1(SSI) students in
2014/2015 academic session in Delta North Senatorial District of Delta State. The population
consists of 5,760 SSI students from Public Secondary Schools in Delta North Senatorial District
of Delta State (Ministry of Education, Delta State. 2014).

From the population, a total of 200 students in SS1 were sampled for the study in Delta
North Senatorial District of Delta State. The sampling technique adopted for this study is the
stratified sampling and simple random sampling technique.

According to Nworgu (2003), stratified sampling ensures greater representativeness of
the sample relative the population and guarantees that minority constituents of the population
are represented in the sample. The sample characteristics therefore are better approximation
(estimates) of the population characteristics and the associated sampling error is
correspondingly reduced. Elements are drawn randomly from each in such a way that the
relative proportions of the strata in the resultant sample are the same as in the parent population.
The relative contribution of each stratum in the population is exactly its relative contribution in
the sample. The sample, therefore, will possess specified characteristics in exactly the same
proportion as those characteristics exist in the parent population.

Random sampling is therefore the selection of sample subjects by chance from population
and is therefore not influenced by other factors or considerations. The simple random sampling
technique ensures that every object, event or individuals in the population has a chance of being
drawn for the sample.

The instrument for the research is Physics Aptitude Test (PAT). The instrument is made
up of items drawn from SS1 Physics. It was generated in such a way that the cognitive aspects
of the students’ behaviour were included, and various aspects/component of aptitude test were
reflected such as numerical aptitude which is in the first section and it has a total of ten(10)
questions, followed by the verbal section which also has a total of ten (10) questions. Next to
the verbal aptitude section is the quantitative aptitude section which has a total of 15 questions.
The last section of this test is the mechanical aptitude test section which also has a total of
fifteen (15) questions.
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Summarily, 100 questions were constructed but fifty (50) questions were eliminated from
the generated 100 items after item analysis; that is the difficulty level and item discriminative
index. After the item analysis and modification of the items, fifty (50) items were selected for
the final test. These Fifty (50) questions formed the various sections of the aptitude test. Each
item has four (4) options lettered; A, B, C and D. One out of the four (4) options is correct while
the other three are treated as distracters.

Validity is one of the most essential psychometric properties of a test. The validity of a
test is the extent to which a test measures what it is supposed to measure. It refers to the extent
to which the results of an evaluation procedure serve the particular uses for which they are
intended (Gronlund, 1976). In order to establish the content validity of the test items, a table of
specifications was drawn. This shows the various types of aptitude test considered, and the total
number of generated test items. In addition, two specialists in the field of physics and two other
specialists in measurement and evaluation were used. The specialists carefully examined the
generated test items, made useful suggestions and approved the try out test.

The Kuder- Richardson formula 20 (KR20) was used in establishing a measure of internal
consistency of the test. The test was administered to 30 students that were randomly selected
from the population, for the purpose of the reliability. A reliability index of 0.94 was obtained
from the computation.

To collect the data for the research, the generated test items (Physics Aptitude Test
question) was administered to 200 students for the purpose of item analysis. This was done with
the assistance of the teachers and cooperation of the management of the selected schools. The
instrument was timed and a total of one hour was allowed for the test. The students were stopped
at the stipulated time. At the end of the test the researcher collected the students’ response sheet.
The test items were administered on conducive environment devoid of any form of examination
malpractice.

In scoring the test, each item that was correctly answered attracted one (1) mark or one
(1) point while wrongly answered items attracted zero (0) mark. The test rates the performance
of the testees over hundred (100) points or marks. This was used to select students who are
capable of studying physics. It should be noted here that for ease of computation, a multiplying
factor of 2 was used to multiply the scores at the end of scoring the testees.

However, the item difficulty and discriminating indices were calculated for the 100 items
to select 50 items. The students’ sheets were re-arranged from the highest to the lowest. The
upper group of 27% and lower group of 27% were selected and used for the item analysis.

Items with difficulty indices ranging from 0.30 to 0.70 were included (accepted) for the
fina #+l test while others below 0.30 and above 0.70 were discarded (rejected) as a result of
being too difficult or too easy respectively. The item discrimination index (D) ranged from 0.30
to 0.44 and this formed the bench mark for accepting items regarding discrimination indices for
the final test.

3. RESULTS
Research Question One: What is the validity of Physics Aptitude Test?

In order to provide answer to the first research question, a table of specifications was
constructed. The test blue print was drawn to ascertain the extent of the content validity of the
Physics Aptitude Test (PAT). The table is presented below.
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Table 1. A Table of Specifications evaluating the extent of the Content Validity of the 50 items of PAT.
COGNITIVE LEVEL (BEHAVIOURAL OBJECTIVE)

Content Know Comp Application  Analysis  Synthesis Evaluation Total
Area 10% 10% 20% 20% 20% 20% 100%
Numerical

Aptitude 1 1 2 2 2 2 10
20%

Verbal

Aptitude 1 1 2 2 2 2 10
20%

Quantitative

Aptitude 1 2 3 3 3 3 15
30%

Mechanical

Aptitude 2 1 3 3 3 3 15
30%

Total 5 5 10 10 10 10 50

As seen on Table 1, the table of specifications clearly reflects the various content areas in
Physics that were considered in this study which helped to establish a high content validity for
the Physics Aptitude Test. Therefore, the Physics Aptitude Test has a high content validity
because there was a wide content coverage.

In addition to the table of specifications, the researchers also presented the test items to
other experience Physics teachers, project supervisor and two Measurement and Evaluation
Experts who also established the correctness, adequateness and appropriateness of the items in
the constructed test. The face validity of the test was also established. It describes the
appearance of the test. It refers to how real the items of a test are to test takers; the cosmetics to
the format for presenting or reporting the test items, the typing and general outlook of the test.

Research Question 2: What is the difficulty index of each item of the Physics Aptitude
Test?

The test constructors used the difficulty index to select the suitable items that are
appropriate to be included in the final test. These items were selected from the initial items
generated for the trial testing. Items with index of 0.30 — 0.70 were selected for the difficulty
level

Table 2. Items and their Difficulty indices (P)

SIN ITEMS (NUMERICAL APTITUDE TEST) P

1. A boy of mass 50kg runs up a set of steps of total height 3.0m.Find the work done 0.55
against gravity.

2. A car travels at an average speed of 100kmh, what distance does it cover in 0.54
5minutes?

3. An object of mass 5kg is moving at a constant velocity of 15ms™, calculate its 0.60
Kinetic energy.

4, A boy of mass 10kg climbs up 10 steps each of height 0.2m in 20 seconds. Calculate 0.61
the power of the body.

5. Three resistor of resistance 1 Q, 2 Q and 4 Q are connected in series find the 0.63
equivalent resistance of the combination.

6. Find the resistance of a wire of length 0.65m, radius 0.2mm and resistivity 3x10~ 0.59
Sohm-metre.
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A force of 0.8N stretches an elastic spring by 2cm. Find the elastic constant of the
spring.
A spring is stretches 40mm by a force 15N what is the work done by the force?
A change of 10 coulombs flows round a circuit in 2seconds.what is the current?
A boy moves a load of 10N at a distance of 5metres.calculate the wOsork done.
ITEMS (VERBAL APTITUDE TEST)
Which of the following is a fundamental unit?
Which of the units of the following physical quantities are not derived?
What is the best instrument for measuring the diameter of a meter rod?
Which among the following substance is a non- conductor?
Which of the following is not a consequence of a force field?
The slope of a straight line displacement —time graph indicates
Under which of the following conditions is work done
A room is heated by a means of a charcoal fire. A man standing away from the fire
is warmed by
On which of the following is the design of the thermostat of an electric iron based?
Which of the following surface will absorb radiant heat energy best?
ITEMS (QUANTITATIVE APTITUDE TEST)
An effort of 10N was used in lifting a load of 500N.calculate the mechanical
advantage used in lifting the load
A load of 10N was pushed through a height of 2meters.calculate the work done in
pushing the load.
A man lifted a bag of cement of mass 50kg through a height of 2meters.If the
acceleration due to gravity is 10ms.Calculate the energy used in lifting the load
Express 4000J in kilojoules
3 mega joules is equivalent to ------ joule?
How many minutes do we have in 2hours?
The speed of a bus increases uniformly from 15ms™ to 60ms™ in 20 seconds.
Calculate the average speed.
A man of mass 50kg ascends a flight of stairs 5m high in 5 seconds. If acceleration
due to gravity is 10ms, the power expended is?
A body of mass 10kg accelerate at 2ms2 what is the force in Newton (take; F=ma)
Two bodies x and y, undergo a distance of 30.25km and 50.75km respectively. What
is the total distance made by x and y
Convert 50cm to metres
A metre rule was measured to be 100.02cm.What is the error in the measurement?
A body has a mass 40kg and velocity 5m/s, calculate the energy possessed by this
body?
A girl lift a load of 2kg through a height 10m.what is the work done against gravity
A machine has a mechanical advantage 0.2 and load of 5000N.Calculate the effort
of the machine
ITEMS (MECHANICAL APTITUDE TEST)
A machine has an efficiency of 60%.If the machine is required to overcome a load
of 30N with a force of 20N, calculate its velocity ratio
Which among the following is not a consequence and application of expansion?
The bimetallic strip has its application on the following appliance except
A screw that is rotated forward through one revolution will move a distance equal
to
From the diagram below, one can conclude that
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On which of the following is the design of the thermostat of an electric iron based?
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If a load of 5000N could be lifted up by an effort of 100N, what is the mechanical
advantage of the machine?

A building can be adequately protected from lighting by .........

A rocket is burning fuel at the rate of 200gs™ and ejecting all the gas in one direction
at the rate of 400ms*.what is the maximum weight the rocket can have if it is going
to move vertically upwards?

Efficiency of a machine is defined by ............ ?

Which principle does the lever operates?

A machine has a velocity ratio 5 and is 80% efficient. What effort would be needed
to lift a load of 200N with the aid of this machine?

The velocity ratio of inclined plane is given by

Which of the following is not an example of levers of the first order?

The ideal method of reducing friction in a machine .......... ?

which helped to ensure high item validity for each Physics test item.

Aptitude Test?

between high and low achievers (students).

Table 3. Items and their Discriminatory level (D)
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ITEMS (NUMERICAL APTITUDE TEST)
A boy of mass 50kg runs up a set of steps of total height 3.0m.Find the work done
against gravity.
A car travels at an average speed of 100kmh?, what distance does itCover in
5minutes?
An object of mass 5kg is moving at a constant velocity of 15ms™, calculate its
Kinetic energy.
A boy of mass 10kg climbs up 10 steps each of height 0.2m in 20 seconds. Calculate
the power of the body.
Three resistor of resistance 1 Q, 2 Q and 4 Q are connected in series find the
equivalent resistance of the combination.

Find the resistance of a wire of length 0.65m, radius 0.2mm and resistivity 3x10°

ohm-metre.

A force of 0.8N stretches an elastic spring by 2cm. Find the elastic constant of the

spring.

A spring is stretches 40mm by a force 15N what is the work done by the force?

A change of 10 coulombs flows round a circuit in 2seconds.what is the current?

A boy moves a load of 10N at a distance of 5metres.calculate the work done.
ITEMS (VERBAL APTITUDE TEST)

Which of the following is a fundamental unit?

Which of the units of the following physical quantities are not derived?

What is the best instrument for measuring the diameter of a meter rod?

Which among the following substance is a non- conductor?

Which of the following is not a consequence of a force field?

The slope of a straight line displacement —time graph indicates
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0.57
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Table 2 shows the difficulty indices of 50 items for the various component of the Physics
aptitude test. The acceptable indices ranged from 0.30 to 0.70. The Numerical Physics Aptitude
Test items ranged from 0.54 to 0.63, Verbal Physics Aptitude test items ranged from 0.47 to
0.65, Quantitative Aptitude test items ranged from 0.49 to 0.67 and Mechanical Physics
Aptitude test items ranged from 0.50 to 0.61. The indices were established during item analysis

Research Question Three: What is the discrimination index of each item of the Physics

This research question was answered using the item analysis. The discriminating indices
help to refine test items. The indices help to measure the extent to which items discriminate
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Under which of the following conditions is work done
A room is heated by a means of a charcoal fire. A man standing away from the fire
is warmed by
On which of the following is the design of the thermostat of an electric iron based?
Which of the following surface will absorb radiant heat energy best?

ITEMS (QUANTITATIVE APTITUDE TEST)
An effort of 10N was used in lifting a load of 500N.calculate the mechanical
advantage used in lifting the load
A load of 10N was pushed through a height of 2meters.calculate the work done in
pushing the load.
A man lifted a bag of cement of mass 50kg through a height of 2meters.If the
acceleration due to gravity is 10ms2.Calculate the energy used in lifting the load
Express 4000J in kilo joule
3 mega joules is equivalent to ------ joule?
How many minutes do we have in 2hours?
The speed of a bus increases uniformly from 15ms? to 60ms™®in 20 secoSnds.
Calculate the average speed.
A man of mass 50kg ascends a flight of stairs 5m high in 5 seconds. If acceleration
due to gravity is 10ms, the power expended is?

A body of mass 10kg accelerate at 2ms what is the force in Newton (take; F=ma)
Two bodies x and y, undergo a distance of 30.25km and 50.75km respectively. What
is the total distance made by x and y
Convert 50cm to meters
A metre rule was measured to be 100.02cm.What is the error in the measurement?
A body has a mass 40kg and velocity 5m/s, calculate the energy possessed by this
body?
A girl lift a load of 2kg through a height 10m.what is the work done against gravity
A machine has a mechanical advantage 0.2 and load of 5000N.Calculate the effort
of the machine

ITEMS (MECHANICAL APTITUDE TEST)
A machine has an efficiency of 60%.If the machine is required to overcome a load
of 30N with a force of 20N, calculate its velocity ratio
Which among the following is not consequence and application of expansion?
The bimetallic strip has its application on the following appliance except
A screw that is rotated forward through one revolution will move a distance equal
to
From the diagram below, one can conclude that

AT 20 T /N 4
On which of the following is the design of the thermostat of an electric iron based?
If a load of 5000N could be lifted up by an effort of 100N, what is the mechanical
advantage of the machine?

A building can be adequately protected from lighting by .........

A rocket is burning fuel at the rate of 200gs™* and ejecting all the gas in one direction
at the rate of 400mst.what is the maximum weight the rocket can have if it is going
to move vertically upwards?

Efficiency of a machine is defined by ............ ?

Which principle does the lever operates?

A machine has a velocity ratio 5 and is 80% efficient. What effort would be needed
to lift a load of 200N with the aid of this machine?

The velocity ratio of inclined plane is given by

Which of the following is not an example of levers of the first order?
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50. The ideal method of reducing friction in a machine .......... ? 0.32

Table 3 indicates the discrimination indices of 50 items for the various components or
characteristics of Physics aptitude Test. The acceptable indices during item analysis ranged
from 0.30 to 0.44. The discrimination indices of the Numerical Aptitude test item ranged from
0.32 to 0.44, Verbal Aptitude 0.30 to 0.41, Quantitative Aptitude 0.33 to 0.44, and Mechanical
Aptitude 0.30 to 0.41. The item indices were accepted and appropriate for the Physic Aptitude
Test (PAT).

Research Question Four: What is the reliability of Physics Aptitude Test?

To give answer to research question four, the reliability of the PAT was estimated using
Kuder Richardson formula 20. The formula is stated below:

Table 4. Analysis of Reliability of Physics Aptitude Test.

No of students Noofitems Xpg X SD SD2 r r2 r% SEM Decision at .05
30 50 9.1801 31 3.2 9.933 0.94 0.8836 94  0.78 High

As can be seen from Table 4, an estimate of the PAT reliability using Kuder Richardson
formula 20 was established. This approach becomes pertinent because the PAT is a multiple
choice objective test with expected response of either pass (1) or fail (0). However, a reliability
index of 0.94 was obtained. The result is significant at .05 level of significance which made the
instrument (PAT) very suitable for the study. A standard error of measurement (SEM) of 0.78
was obtained. The SEM is low and this confirms that PAT is highly reliable.

4. DISCUSSION

The discussion is based on the main findings after answering the research questions. The
instrument was validated. Validity is one of the pertinent psychometric properties of an
instrument. It refers to the extent to which an instrument measures what it is designed to
measure. In establishing the content validity of the instrument, two approaches were adopted.
First the use of table of specification was employed. This approach is similar to Osadebe (2001),
Irighweferhe (2008), Akpoguma (2008), Akaezue (2009) and Osiobe (2012). The second
approach adopted was the use of experts’ judgement. The items were presented to experienced
physics teachers and measurement and evaluation experts. This provide for the correctness,
adequateness and appropriateness of the test. To establish the reliability of the Physics Aptitude
Test, Kuder — Richard formula 20 was employed. The use of Kuder — Richard formula 20 was
as a result of the fact that the Physics Aptitude Test is a multiple choice objective test with
expected response of either pass (1) or fail (0). A reliability coefficient of 0.94 was obtained at
0.05 unlike Oloya (2005) and Onoyumolo (2005), who used split — half method in establishing
their reliability.

Furthermore, Irighweferhe (2008) agreed that reliability coefficient of 0.69 is high and
adequate. Akazue (2009) in his study, reported reliability coefficient of 0.75 which he judged
to be significant for a test. This study has found out that the new instrument (PAT) has a higher
reliability of 0.94 which is higher than the above reported ones. The instrument yielded very
high internal consistency of scores.

Classical test theory was used in the construction of the Physics Aptitude Test (PAT).
This approach is similar to Egbule (1998), Osadebe (2001), Irighweferhe (2008), Akpogumu
(2008), Akaezue (2009) and Osiobe (2012). In addition to the classical test theory, a conceptual
model was also designed to enhance the quality of the instrument.
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The items that made up the instrument (PAT) were selected through the item analysis.
Their difficulty indices and discriminating indices were computed. In terms of difficulty
indices, experts in measurement and evaluation such as Nworgu (2003) reported that an ideal
item should have facility index of 0.5 but in real life situation it will range from 0.30 to 0.70.
All items in the instrument are within the range of 0.30 and 0.70 making them very appropriate,
suitable and effective. This is similar to Akpoguma (2008) and Osiobe (2012).

The discriminating indices that measure the extent items discriminate between the bright
and dull students were also computed. Discriminating index of an item varies from 0.00 to 0.01.
Negative indices are abnormal because they penalised more of the bright students than the dull
students; hence they were rejected. Nworgu (2003) agreed that an ideal item should possess
discriminating indices of +1 but realistically it should range from + 0.03 to 1.00. In order to
include only high-quality items, the researcher used a realistic range of discriminating indices
from 0.30 to 1.00 to select the items included in the instrument. This is similar to Akpoguma
(2008) and Osiobe (2012).

Conclusively, the Physics Aptitude Test developed by the researchers is a test with high
psychometric properties. As such, the test could be used for the selection of secondary school
students who have the desire to study physics in their senior secondary schools as well as an
assessment tool for the evaluation of learning outcomes.

The items of the test are suitable and appropriate in terms of difficulty and discrimination

indices. The test has a high degree of internal consistency with a low standard error of
measurement.
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Abstract: This study aims to predict the final exam scores and pass/fail rates
of the students taking the Basic Information Technologies — 1 (BIL101U)
course in 2014-2015 and 2015-2016 academic years in the Open Education
System of Anadolu University, through Artificial Neural Networks (ANN). In
this research, data about the demographics, educational background, BIL101U
course mid-term, final and success scores of 626,478 students was collected
and purged. Data of 195,584 students, obtained after this process was analysed
through Multilayer Perception (MLP) and Radial Basis Function (RBF)
models. Sixteen different networks attained through the combination of ANN
parameters were used to predict the final exam scores and pass/fail rates of the
students. As a result of the analyses, it was found out that networks established
through MLPs make more exact predictions. In the prediction of the final
exam scores, it was determined that there is a low level of correlation between
the actual scores and predicted scores. In the analyses for the prediction of
pass/fail rates of the students, networks established through MLPs ensured
more exact prediction results. Moreover, it was determined that the variables
as mid-term exam scores, university entrance scores and secondary school
graduation year were of highest importance in explaining the final exam scores
and pass/fail rates of the students. It was found out that in the higher
institutions serving for Open and Distance Learning, pass/fail state of the
students can be predicted through ANN under favour of variables of students
which have been found as most the important predictors.

1. INTRODUCTION
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Considering the great number of students registered in the Open Education System (OES)
of Anadolu University, which is one of the mega universities of the world, it is necessary to
analyse diverse features of this group of students in detail, with the aim of ensuring various
student support services effectively and efficiently (da Silva, de Fatima Nunes, Santos, Queiroz
& Leles, 2012; Kose & Arslan, 2017). Particularly, identification and presentation of the
variables explaining the achievement levels of the students may provide key information to the
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institutions for the planned student support services. Identification of the variables explaining
the achievement level of the present students may help to make predictions about the future
achievement of the students. Machine learning algorithms such as Artificial Neural Networks
(ANN) and various statistical models are used to predict the achievement of the student. It is
considered that prediction of student’s achievement in advance may be beneficial in various
terms for both higher education institutions and students.

It has been observed in the related literature that there is a limited number of studies on
the variables explaining the academic achievement of students registered in mega universities
such as Anadolu University. Therefore, this study was carried out to develop intelligent systems
and applications based on the prediction of student achievement.

1.1. Artificial Neural Networks

Core component of the nervous system of biological organism is neurons, i.e. neural cells
(Mangels, 2003). It is estimated that the nervous system of a human has 100 billion neurons in
average (Mastin, 2010). These cells do work together. As in each system, in biological systems,
source (stimulus), receptor (collecting information), processing system (neural network or
brain), effector (that turns brain’s signals into movements or responses) and response
(feedback) processes interoperate (Siegelbaum & Hudspeth, 2000).

Neurons are generally composed of soma, dendrites, axon and synapses (Finger, &
Tansey, 1994; Guillery, 2005; Kandel, Schwartz, & Jessell, 2000). Stimuli (signals) from the
external environment are transferred to axon from the dendrite in the nerve cell. During this
transfer, nonlinear, complex processes take place. Information (signals) transferred to synapse
following these processes are transferred to other neurons by means of synapse (Rojas, 2013).

weights

Xy
activation
functon
X net input
nerj-
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Figure 1. Artificial Neural Network
(Source:https://en.wikibooks.org/wiki/File:ArtificialNeuronModel_english.png)

In engineering sciences, artificial neurons are also called as “processing unit”. In Figure
1, xn represents input while why;j represents weight coefficients. Dendrite in biological nerve cell
acts similar to the combining function of artificial neural network; cell body to transfer function;
axons to element output and synapses to weights (Bullinaria, 2015). Functioning of an artificial
neural network depends on the threshold value; neuron is activated when the result of
multiplying input from external environment or another cell (wnjxy») is higher than the threshold
value of the cell (Basheer & Hajmeer, 2000; Kotsiantis, Pierrakeas & Pintelas, 2003).

ANNSs are systems learning from their experiences, making inferences based on the prior
learning, and taking decisions, in a way similar to people (Oztemel, 2012). They have non-
linear fields of application such as image processing, image classification, verification, speech
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analysis, optimization problems, robot navigation, processing of incomplete or indefinite data,
quality assurance, stock market prediction and simulation (Lippmann, 1987).

As seen in Figure 2, ANNs are basically composed of input layer, hidden layer(s) and
output layer. ANNs learning is based on iterative loops. In the first stage, network output is
produced from the input in the training set. Input used for training is the data enabling ANNs
to learn, i.e. to gain experience (Cayiroglu, 2013). Later on, weights calculated for the network
ties are changed according to the accuracy level of the output. Determination of the network
output and changes in the weights are realized variously depending on the learning rule and
learning algorithm (Oztemel, 2012).

Hidden
Input
Output

Figure 2. Single Layer Artificial Neural Network Model (Burnett, 2006)

In this study, Multilayer Perception (MLP) and Radial Basis Function (RBF) networks
were utilized. MLPs are one of the feed-forward ANN models. They utilize Back Propagation

Algorithm (BPA). BPAs are used to minimize the error rate in the network output (Yilmaz,
Yavuz & Erkmen, 2013).

RBF operated and popularized by Moody & Darken (1989) are another type of feed-
forward BPAs. RBFs can solve non-linear problems but it has been observed that they are poor
in determining independent variables explaining dependent variables (Akbilgig, 2011).

According to Koca (2006), RBFs learn faster than MLPs, and can make classifications
and generalisations. In comparison to MLPs, RBFs have simpler architectures (Yu, Xie,
Paszczynski & Wilamowski, 2011).

1.2. Achievement and Factors Explaining Achievement

Achievement of an individual in his/her school life is called as academic achievement and
today, may represent almost the whole achievement of an individual throughout his/her life.
Academic achievement may be defined as an indicator of achieving certain learning objectives
(Choi, 2005). Criteria such as grade-point averages, cumulative grade-point averages and
course notes are described as academic achievement (Astin, 1991; Snyder, et al., 2002).

A certain part of the studies on academic achievement concerns the examination of the
variables explaining the academic achievement of the student. Variables addressed in these
studies include gender (Amro, Mundy & Kupczynski, 2015; Collins, McLeod & Kenway,
2000; Hajovsky & Kaufman, 2015; Pike, Schroeder & Berry, 1997; Scheiber, Reynolds,
Mlambo, 2012); attitude (Brown, et al., 2015; Odom & Bell, 2015), anxiety (Khalaila, 2015;
Macher, Paechter & Papousek, 2015), socio-economic level (Jurdak, 2014; Suphi & Yaratan,
2012), prior learning (Musso, Kyndt, Cascallar & Dochy, 2013; Power, Robertson & Baker,
1987; Strayhorn, 2006), self-efficacy (Valentine, DuBois & Cooper, 2004).

In his study Hattie (2009) examined the factors affecting achievement, by synthesising
more than 800 meta-analysis and pointed that gender has a small effect size (d = .12), while
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socio- economic level has medium (d = .57), computer assisted training has medium (d =.48),
attitude has medium (d = .36) and previous achievement has medium (d = .67) effect sizes. In
addition to these, he addressed 138 more factors affecting achievement, in his study.
Considering the studies benefiting from machine learning approaches in the prediction of
achievement, findings in Table 1 are determined.

Table 1. Machine learning approaches in the prediction of achievement

Study Approach

Yukselturk, Ozekes & Tiirel, k - Nearest Neighbour, Decision Tree, Naive Bayes Classifier and

2014 ANN (3 th rank)

Turhan et al., 2013 ANN (best result) and regression analyses

Lykourentzou et al., 2009 ANN displayed more effective performance, in comparison to linear
regression.

Aydin, 2007 C5.0, Logistic Regression, ANN, C&RT, CHAID and QUEST

Rusli et al., 2008 Prediction through ANN is provided more exact results than decision

tree and linear regression.
Naik & Ragothaman, 2004 Prediction through ANN is 93.38% exact.

This study generally aims to predict the final exam scores and pass/fail rates of the
students taking Basic Information Technologies — 1 (BIL101U) course in 2014-2015 and 2015-
2016 academic years in the Open Education System (OES) of Anadolu University, through
Artificial Neural Networks (ANN). On the basis of this main aim, below-given questions were
tried to be answered:

1. What are the variables that explain the final exam scores of the students taking
BIL101U course?

2. At which level do MLP and RBF networks explain final exam scores?

3. Which one of the MLP and RBF type ANN models provide more exact results when
pass/fail rates are determined on the basis of the predicted final exam scores?

4. Which one of the MLP and RBF type ANN models can predict pass/fail state of the
student more exactly?

In this study, it was examined whether the final exam scores and pass/fail state of the
students registered in OES can be predicted by means of ANN models, and accordingly,
variables that explain achievement best were determined. In line with the relations among
independent variables, dependent variables were explained. Therefore, correlational research
model was utilised.

2. MATERIAL METHOD

2.1. Participatiants

Research population of this is composed of students taking common and compulsory
BIL101U course in the fall semester of 2014-2015 (SG-1) and 2015-2016 (SG-2) academic
years in different faculties (Open Education Faculty, Faculty of Business Administration and
Faculty of Economics) and departments in the OES of Anadolu University. In order to prevent
difference among the variables in the dataset, it was preferred to utilise data of two academic
years (2014-2015 and 2015-2016).

Number of students in SG-1 was 306.633, while the number of students in SG-2 was
319.845. Total number of students taking BIL101U course in two academic years was
626.478. Following the data cleaning process, as explained in detail under the next title, the
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total number of students included in the analysis in two years was decreased to 195.584. 93%
of the students taking BIL101U course passed.

2.2. Preparing data for the Analysis

Registration procedures of the students in the OES are carried out at the beginning of
each fall semester. During registration, TR identity numbers of the students are identified as
unique, and data transfer to OES database is realized according to certain variables in the
OSYM (Student Selection and Placement Centre) database.

Table 2 displays the data obtained from the OES and Computer Research Centre (CRC)

of Anadolu University, under “demographic”, “educational background”, “OES” and “other
columns.

Table 2. Variables in the analysis

Demographic Educational Background OES Other

Year of birth, TR identity ~ Year of Graduation from the Mid-term Faculty,

no, Nationality, Gender, High School, University exam, final department,

Province entrance score (UES), High exam, letter  type of
school type, High school grade registration

code, High School GPA,
Foreign Language, UES Score
type, Quota type, University
placement ranking

OSYM based data was taken from OES and data regarding the variables in Table 3 was
taken from CRC; however, some variables were converted during the preparation phase of the
analysis. This conversion process is displayed in Figure 3.

Converting the text type variables into numeric type

Excluding 379,386 students lacking UES and university placement

ranking from the dataset

Excluding the students lacking mid-term and final exam scores from the
dataset

Figure 3. Preparation Process of the Data for the Analysis

Variables of TR identity number, which is used only for identification; and school code,
given to each school separately were not used in the data analysis. Variable of university
placement ranking was not included in the analysis, as this data was missing for many
students. Instead, UES was preferred.

2.3. Data Analysis

In compliance with the aim of the research, ANN was established according to different
parameters with MLP and RBF. SG-1 dataset was used as training and test set for the networks;
while SG-2 was used as validity set in the determination of the prediction level of the network.

Training set composed 70% of SG-1, while test set composed 30%. In the determination
of training and test set, IBM SPSS Statistics v21, 136940 core initial value selected randomly
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by the researcher, and 2*rv.bernoulli(0.7)-1 relation were utilized (IBM Knowledge Center,

n.d.).

Accordingly, by benefiting from the training, test and control groups, twelve MLPs
consisting of various combinations of six parameters, and four RBFs consisting of various
combinations of three parameters were established. Characteristics of these networks are
displayed in Table 3 and Table 4.

Table 3. Parameters used for MLP analyses

Network  Hidden Mir_1. qu. Training Activr?\tion Re—_scaling of continuous
Name Layer Unit Unit Function variables
MLP-A 1 1 50 Batch Hyperbolic Standardized
MLP-B 1 1 50 Batch Hyperbolic Normalized
MLP-C 1 1 50 Online  Hyperbolic Standardized
MLP-D 1 1 50 Online  Hyperbolic Normalized
MLP-E 2 Auto  Auto Batch Hyperbolic Standardized
MLP-F 2 Auto  Auto Batch Hyperbolic Normalized
MLP-G 2 Auto  Auto Batch Sigmoid Standardized
MLP-H 2 Auto  Auto Batch Sigmoid Normalized
MLP-I 2 Auto  Auto Online  Hyperbolic Standardized
MLP-J 2 Auto  Auto  Online  Hyperbolic Normalized
MLP-K 2 Auto  Auto  Online  Sigmoid Standardized
MLP-L 2 Auto  Auto  Online  Sigmoid Normalized

As seen in Table 3, 12 MLP networks were established with different parameters, which

are explained below:

eHidden Layer: is a place which is composed of one or more layers and where the
network realizes learning process (Nabiyev, 2005). IBM SPSS Statistics v21 software

supports one or two layers option for MLP.

e Min - Max Unit: is the number of processing units within the hidden layers. The number
varies between 1 and 50.

e Training: Batch training, which is one of the parameters utilized in this study, minimizes
the total error, and changes weight values after all data is known (Shalev- Shwartz,
2011). Online training is preferred in comprehensive datasets and changes weight value
of each data during learning.

e Activation Function: Under IBM SPSS Statistics v21 software, there is Hyperbolic
Tangent which provides output between [-1,1] by subjecting input to tangent function,
and Sigmoid function which enables input to be converted into values between [0,1].

e Re-scaling of Continuous Variables: In order to develop the training of the network,
continuous variables may be re-scaled. Under this study, parameters of Standardized,
which converts data to a range between [0, 1] and Normalized, which converts data to a
range between [-1, 1] were tested.
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Table 4. Parameters used for RBF Analyses

Network Hidden Layer Activation Function Re-scaling of Continuous
Variables

A Auto Normalized Standardized

B Auto Normalized Normalized

C Auto Ordinary Standardized

D Auto Ordinary Normalized

In addition to MLP parameters displayed in Table 4 and explained later on, activation
function type: “simple” was used for RBF-C and RBF-D among RBF networks. In simple
RBF selected for activation function, basically exponential activation function was used to
ensure the usual distribution of hidden layers (Matignon, 2005).

Analysis 1: Prediction of Final Exam Scores and Determination of the Importance Levels of
the Independent Variables

Success score=(Mid-term score * 0.3) + (Predicted FES * 0.7)
SS < 34.50 then FAIL SS > 34.50 then PASS

¥

Analysis 2: Direct Prediction of Pass/Fail State and Determination of the Importance Levels
of the Independent Variables

MLP RBF

Prediction of scores throug MLP Prediction of scores throug RBF

Figure 4. Data analysis process

16 different networks presented in Table 3 and Table 4 was operated twice, one to predict
the final exam scores of the students and one to predict the pass/fail state of the students. 32
analyses were carried out in total.

Correlation between the final exam score predicted as a result of the first analysis and
the actual score of the student was determined through Pearson Product-Moment Correlation
Coefficient. When pass/fail state of the students were determined based on the predicted final
exam scores, inconsistencies were examined through crosstabs. During the second analyses,
in the networks predicting pass/fail state of the students, consistency between the predicted
and actual state was tried to be determined through crosstabs.

3. FINDINGS
3.1. Analysis 1: Prediction of Achievement in Final Exam through MLP and RBF

When the correlation between the results of twelve MLP analyses realized to predict the
final exam scores of the students and the actual final exam scores of the students is examined,
findings displayed in Table 5 were obtained. Moreover, variables used in each network to
explain the final exam scores of the students, and their importance levels were determined.
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Table 5. Importance levels, correlation and determination coefficients of the independent variables,
obtained as a result of the MLP analyses

Network r« I Importance Level Network Fgk r?  Importance Level

Name Name

A 482 232 mes (100), ues G 4627 213  mes (100), ues
(72.4) (55.7)

B 486" .236 mes (100), ues H A445™ 198 mes (100), hst
(61.6) (50.3)

C 4317 186 mes (100), ues I 438 192 mes (100), ues
(71.8) (64.2)

D 311" .097 mes (100), hst J 171" .029 mes (100), hst
(93.8), ues (79.8) (99.6), dept (91.4)

E 469”220 mes (100), ues K 4697 220 mes (100), ues
(71.6) (56)

F 3917 153 mes (100), prov L .369™ 136 mes (100), dept
(67.1), hst (63.0) (64.1)

mes: Mid-term exam score, ues: University entrance score, hst: High school type, prov: Province,
dept: Department

When Table 5 is examined, it is seen that the network that has highest correlation with
the actual final exam scores of the students is MLP-B. MLP-A, MLP-E, MLP-G and MLP-K
networks are also among the networks with highest correlation. However, when all the
correlation coefficients are examined, medium level correlation coefficients are observed
between the predicted and actual scores. Considering the determination coefficients (r?), it has
been found out that the variables in these networks explain the final exam scores of students in
a range between 21.3% and 23.6%. Accordingly, it may be asserted that 76.3% and 78.7% of
the final exam scores of the students are explained by other variables.

Table 6. Importance levels, correlation and determination coefficients of the independent variables,
obtained as a result of the RBF analyses

Network & TFg®  Importance Level

A 224 .05  ues (100), yghs (59.8)

B 141 .01  tor (100), faculty (87.2)

C 112 .01 ues (100), faculty (98.8), mes (77.4)
D 135 .01 tor (100), tor (75.7), fl (68.7)

yghs: Year of Graduation from the High School, tor: Type of registration, fl: Foreign language

Considering the determination coefficients in Table 6, low correlation between the output
of RBF-C network and the actual state is remarkable. In this context, it may be claimed that
RBF networks do not provide consistent results in explaining final exam scores.

3.2. Benefiting from Final Exam Scores Predicted through MLP and RBF in Pass/Falil
Decisions

After the final exam scores of the students were predicted through MLP, their success
scores were calculated with mid-term and final exam scores. Following the pass/fail decisions
taken on the basis of these scores, consistency between the ANN and actual state was examined
through crosstabs. Crosstabs were calculated separately for SG-1 utilised in training and test
set; and for SG-2 utilised for control. Accordingly, when pass/fail decisions are taken on the
basis of the predicted final exam scores, consistency with the actual state for SG-1 was
displayed in percentages in Table 7.
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Table 7. Determination of pass/fail state with final exam scores predicted through MLP for SG-1
Network Pum-Po Fu-Fo Fm-Po Pu-Fo Network Puw-Po Fu-Fo Fm-Po Pu-Fo

A 76.2 6.9 3.6 134 G 75.7 7.3 4.1 13.0
B 76.1 7.1 3.6 132 H 76.0 6.7 3.8 13.5
C 76.2 6.3 3.6 139 | 75.0 7.7 4.7 12.5
D 75.5 6.0 4.2 143 ] 79.5 0.8 0.3 19.5
E 76.2 6.7 3.5 13.6 K 74.1 8.7 5.6 115
F 77.1 5.1 2.7 152 L 76.5 5.4 3.2 14.8

Pm — Po: State of passing the course both in actual state and according to MLP
Fm — Fo: State of failing the course both in actual state and according to MLP
Fm — Po: Fail decision according to MLP, when actually the student passes

Pwm — Fo: Pass decision according to MLP, when actually the student fails

In interpreting Table 7 and similar tables, Pm-Fo column displaying that ANN decides
that the student passes when actually the student fails has been determined as intolerable error
by the researchers. Accordingly, it may be asserted that the network “K” leads to lower level of
errors. Network “J” provided “pass” decision for 99% of the students.

Table 8. Determination of pass/fail state with final exam scores predicted through MLP for SG-2
Network PM'PO FM'FO FM'PO PM'FO Network PM'PO FM'FO FM-PO PM'FO

A 80.9 4.0 11.6 35 G 79.5 4.2 13.0 3.3
B 79.8 4.2 12.8 3.3 H 81.4 3.8 11.2 3.7
C 82.5 3.4 10.0 4.0 I 77.0 4.6 155 2.9
D 83.1 2.7 9.4 4.8 J 91.6 0.5 0.9 6.9
E 80.9 4.0 11.6 3.5 K 76.2 4.8 16.4 2.7
F 85.3 2.8 7.2 4.6 L 83.5 3.2 9.1 4.3

In the case when SG-2 is used as validity set, it is remarkable that there is a decrease, in
the level of errors in all networks, as seen in Table 8. Moreover, it is also seen that network “K”
is the network with lowest level of errors.

According to the analysis with RBF, when pass/fail decisions are taken on the basis of
predicted final exam scores, consistency with the actual state for 2014-2015 academic year was
displayed in percentages in Table 9.

Table 9. Determination of pass/fail state with final exam scores predicted through MLP for SG-1
and SG-2

SG-1 SG-2
Network Pu-Po Fm-Fo  Fw-Po  Pwm-Fo  Network Pu-Po Fu-Fo Fu-Po  Pm-Fo
A 79.3 0.9 0.5 19.3 A 91.7 0.5 0.8 7.0
B 79.7 0.3 0.0 20.0 B 92.3 0.2 0.2 7.3
C 79.7 0.0 0.0 20.3 C 92.5 0.0 0.0 7.5
D 79.7 0.3 0.0 20.0 D 92.4 0.2 0.2 7.3

When the data about the students, in the validity set is examined, actual state is consistent
with RBF networks for nearly 92% of the students as similar to the results of training and test
set, but RBF networks lead to decisions different from the actual state for about 7.5% of the
students.
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3.3. Analysis 2: Direct Prediction of Pass/Fail State and Determination of the Importance
Levels of the Independent Variables

Instead of the final exam scores of the students, pass/fail state of the students were tried
to be predicted directly through ANN. During this process, parameters in Table 3 were used for
MLP networks, while those in Table 4 were used for RBF networks. In predicting the pass/fail
state of the students, passfail variable set by the researcher was used as the dependent variable.
This variable enables binary prediction with regard to the pass/fail state of the students.

Table 10. In MLP networks, Importance Levels of the Independent Variables Utilised in the
Prediction of Pass/Fail State
Network  Importance Levels Network Importance Levels

mes (100), ues (40.0) mes (100), age (33.2)

mes (100), ues (35.3) mes (100), hst (83.4)

mes (100), hst (44.6) mes (100), age (57.9)

mes (100), yghs (29.7) prov (100), hst (83.5)

mes (100), ues (34.2) mes (100), ues (23.0)

hst (100), prov (93.7), mes (82.2) hst (100), mes (90.8), prov (81.3)

Mmoo W >
rxX“e—Io

It was observed that F, H and L networks, among MLP networks are different from the
other networks in terms of their breakdown of relative importance levels. When the erroneous
prediction rates of these networks in Table 11 are examined, it is seen that these networks have
more errors in the training set, in comparison to the other networks, but this error level is
observed to decrease in validity set.

Table 11. Decisions of pass/fail state for SG-1 and SG-2 taken through MLP

SG-1 SG-2
Network  Pw-Po Fu-Fo Fm-Po Pwm-Fo Network Pu-Po Fm-Fo Fm-Po  Pm-Fo
A 75.2 7.9 4.5 12.3 A 78.0 4.5 145 3.0
B 75.1 7.9 4.7 124 B 79.2 4.2 13.3 3.3
C 74.9 6.9 4.8 134 C 79.3 3.9 13.2 3.5
D 75.0 5.3 4.8 15.0 D 83.7 2.5 8.9 5.0
E 4.7 7.9 5.0 12.3 E 78.5 4.2 14.0 3.3
F 79.7 0.0 0.0 20.2 F 92,5 0.0 0.0 7.5
G 75.3 7.5 4.5 12.8 G 79.4 4.1 13.1 34
H 78.4 2.0 14 18.3 H 89.6 11 2.9 6.4
| 74.4 7.8 5.3 124 | 78.6 4.1 13.9 34
J 76.1 3.2 3.7 17.1 J 86.9 1.2 5.6 6.3
K 77.5 5.0 2.2 15.3 K 82.5 3.0 7.4 4.4
L 79.7 0.1 0.0 20.2 L 925 0.0 0.0 7.5

It is seen in Table 11 that the error ratios of the networks in SG-1 are higher than that of
SG-2. Erroneous prediction rates of MLP networks in training, test and validity sets are presented
in Table 12. As seen in this table, while the error rate of MLP-F, MLP-H and MLP-L networks
is close to 20% in training and test sets, their error rate in validity set is below 10%.
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Table 12. Erroneous prediction rates of MLP networks

Network Training Test  Validity Network Training Test  Validity
A 16.8 17.0 175 G 17.3 17.3 16.5
B 17.1 17.1 166 H 19.5 20.0 9.3
C 18.3 18.0 16.7 | 17.7 17.9 17.3
D 19.7 19.7 139 J 20.6 21.2 11.9
E 17.4 17.2 173 K 17.5 17.5 11.8
F 20.1 20.6 75 L 20.1 20.6 7.5

In RBF analyses where pass/fail states instead of the final exam scores of the students are
predicted through ANN, pass/fail variables and parameters in Table 13 were used, as in MLP

analyses.

Table 13. Pass/fail decisions for SG-1 and SG-2 taken through RBF

SG-1 SG-2
Network  Pr-P, Fg-Fy Fgr-Py, Pgr-Fo Network Pr-Po  Fr-Fo FgrPy PgrFo
A 79.3 0.9 0.5 19.3 A 91.7 0.5 0.8 7.0
B 79.7 0.3 0.0 20.0 B 92.3 0.2 0.2 7.3
C 79.7 0.0 0.0 20.3 C 925 0.0 0.0 7.5
D 79.7 0.3 0.0 20.0 D 924 0.2 0.2 7.3

In Table 13, it is seen that although 92.5% percentage of passing, which is same for all

the networks is the closest result to the actual state as 93%, these networks provided “pass

2

decision for all students. In this context, it was determined that RBF networks are not successful
in classifying pass/fail states or the students.

Table 14 displays the erroneous prediction rates in training, test and validity sets when
pass/fail states of the students are predicted through RBF instead of predicting the final exam
scores of the students through ANN.

Table 14. Erroneous prediction rates of RBF networks

Network Training Testing Holdout
A 20.1 20.6 7.5
B 20.1 20.6 7.5
C 20.1 20.6 7.5
D 20.1 20.6 7.5

Consistency between the predictions and the actual state was examined by means of
crosstabs and the results are presented in Table 15.

Table 15. Pass/Fail Decisions taken through RBF for SG-1 and SG-2

SG-1 SG-2
Network Pe-Po  FeFo Fg-Po  Pg-FoNetwork PePo Fa-Fo  Fa-Po  PrFo
A 79.7 - - 203 A 925 - - 75
B 79.7 - - 203 8B 925 - - 75
C 79.7 - - 203¢C 925 - - 75
D 79.7 - - 203D 925 - - 75

When Table 15 is examined, it is seen that the erroneous decision rates in validity sets
decreased to 7.5%. However, it was found out that RBF networks provided “pass” decision for
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all students. These findings are similar to the inconsistencies in the results of RBF networks,
through which final exam scores of the students were predicted.

4. DISCUSSION

According to MLP analyses, final exam scores of the students taking BIL101U course
and included in SG-2 are mostly explained by the variables of Mid-term Score, Year of
Graduation from the Secondary School, Placement Score, Type of High School and Province
of the Address. According to RBF analyses, the variables that mostly explain final exam scores
are the variables of Registration Type, Placement Score, Type of High School and Faculty.

When the variables affecting the student achievement are examined, it is seen that the
variable of gender is important (Amro, Mundy & Kupczynski, 2015; Mlambo, 2012; Collins,
McLeod & Kenway, 2000; Pike, Schroeder & Berry, 1997; Scheiber, Reynolds, Hajovsky &
Kaufman, 2015; Zheng, 2002). Considering all the analyses carried out within the framework
of this study, it has been found out that the variable of gender has low level of importance
within SG-1 and SG-2. This study asserting that the gender is not an important explanatory
variable of achievement does not coincide with the previous researches in terms of this
variable.

With regard to the courses at the level of bachelor’s degree, concerning information
technologies, it was found out that gender is not a important explanatory variable of
achievement (Fan, 1998; Werth, 1986; Wilson, 2002; Wilson & Shrock, 2001). Considering
the literature on the achievement in courses related to information technologies, the results of
this study coincide with the studies claiming that gender is not a significant explanatory
variable.

Another factor determined to explain student achievement is the educational background
(Power, Robertson & Baker, 1987; Strayhorn, 2006; Zheng, 2002). In his study on the
examination of explanatory variables of student achievement, Wolfe (1995) found out that
high school grade-point average is the first explanatory variable while score in SAT, which is
an exam taken by American students for placement in university is the third explanatory
variable of achievement. In this study, variables of score (SSPE score) required in registration
to OES, year of graduation from the secondary school, type of high school being graduated
were addressed under the educational background category. It may be asserted that these
variables have high importance for the overall MLP networks, are significant in terms of
explaining student achievement, and thus, the results of this study are similar to the results of
previous studies.

In general, maths competence of the students acquired during high school years explain
their achievement in information technologies courses at the level of bachelor’s degree,
(Oman, 1986; Wilson & Shrock, 2001; Wilson, 2002). This study did not include a variable
of maths competence, but it is observed in the related literature that the SAT score addressed
in the studies, which is similar to SSPE score in Turkey, is an explanatory variable with low
significance (Ventura, 2005). Considering that SSPE score is an important explanatory
variable in this study, it may be said that this study is not in parallel with the previous studies
in this regard.

It was found out that predictions through MLP provided more exact results than
predictions through RBF, with a difference of nearly 4% in error rate. In their study, Huang
and Fang (2013) compared MLP and RBFs, and as in this study, they asserted that MLP
network provided more exact predictions than RBF network.

When the studies on the prediction of student achievement are examined, it is seen that
in general, different mathematical models such as Regression, Artificial Neural Networks,
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Decision support Systems, Decision Trees and Baynes were compared and that ANN
displayed a better performance than others (Herzog, 2006; Lykourentzou et al., 2009; Naik
and Ragothaman, 2004; Schumacher, Olinsky, Quinn, & Smith, 2010; Sen, Ugar & Delen,
2012; Rusli, Ibrahim & Janor, 2008; Turhan et al., 2013). As distinct from these results, a
practice with ANN was ranked the second in the study carried out by Aydin (2007) with an
accuracy rate of 77.80%; and ANN analysis was ranked the third in the study carried out by
Yiikseltiirk et al. with a classification rate of 79.7%. Although comparison of ANN models
with other mathematical models is not aimed or practiced in this study, the accurate prediction
rate ranging between 85% and 87%, obtained through different parameters should be taken
into account.

It was observed that certain parameters led to low performance in predictions as each
network was established on different parameters. When MLP-D and MLP-J out of MLP
networks established to predict the final exam scores of the students are examined, it was
found out that they have a low correlation with the actual state. These networks were
established with online training method, Hyperbolic Tangent function and Normalized scaling
parameters. Therefore, utilisation of the combination of these parameters in the prediction of
scores does not ensure a good performance.

When interpreting the findings obtained from the second application set in which
predictions are made directly on pass/fail state of the students, error rates resulting from the
“failed” decision of MLP although the student passes in the actual state were defined as
negligible errors in this study. With an error rate below 3%, MLP-K and MLP-I networks
were identified as the networks with the fewest error. Both networks were established with
online training and Standardized scaling parameters. When the parameters off MLP-A, MLP-
B, MLP-C, MLP-E, MLP-G and MLP-H networks, whose error rate is below 4% are
examined, it is seen that Hyperbolic Tangent function was used in these networks, in general.
Similarly, the study carried out by Ozkan & Erbek (2003) pointed that in classification
problems, Hyperbolic Tangent function displays better performance than the sigmoid
function; and thus, this result complies with the results of this study.

When the findings of MLP and RBF analyses are examined with an overall perspective,
it is seen that in comparison to RBF networks, MLP networks provided more exact results in
the prediction of both final exam scores and pass/fail states. Moreover, considering the
importance levels of the independent variables in RBF analyses, there is no covariance among
the networks. According to Akbilgic (2011), there are problems in determining the
independent variables affecting the dependent variable in RBF and hybrid networks.

Final exam score and pass/fail state predictions, where SG-1 was used as training and
test set and SG-2 as validity set provided more exact results than the cases where SG-1 was
used singly with a division into training and test sets. Accordingly, it may be claimed that
when ANN is used in the prediction of student achievement in a course, obtaining training and
test sets from the data sets of previous years may ensure more exact results.

Suggestions for the future studies and practices to be carried out within the scope of the
findings and results of this research are as follows:

e In this research aiming at the prediction of the student achievement, the student scores
only in BIL101U course were utilized. As the content of BIL101U course is related with
information technologies, variables such as math competence and educational background
play an important role in terms of explaining achievement in this course or similar courses. In
this context, data concerning the variables such as right/wrong rates in SSPE, which is stated
to be a good explanatory variable of achievement, experience of a computer course, student’s
expectations related to the course may also be collected for analysis.
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e Considering that each course has different aims and objectives and thus different
learning outcomes, explanatory variables of achievement may not be same. Therefore,
carrying out similar analyses with similar or different variables for other courses may provide
a scientific conclusion in this topic.

¢ As a result of the analyses with ANN, it has been found out that the variable with the
highest effect on explaining achievement is mid-term score. Accordingly, data obtained from
the pilot tests and similar practices in the “Anadolum eKampiis” application of Anadolu
University may be included in ANN analyses to examine whether these process evaluation
variables create a difference in the prediction of achievement.

e In line with the findings of the analyses carried out, pass/fail states of the students may
be predicted. Most suitable and goal-oriented model may be selected and integrated into web-
based learning environments. This integrated system may be considered as an early warning
system for the students. When the student is registered, data obtained from the student
himself/herself or from the institution-based systems may be processed through ANN, and
predictions regarding the pass/fail state of the students in a course or courses may be made.
These predictions should not be communicated to the student through notifications such as
“you have passed” or “you have failed” but they may receive suggested topics of study, course
materials or pilot test warnings. By this means, “fail” prediction about a student who actually
passes — which was considered as a “negligible error” in this study — may be reflected as an
additional support to the student, in this process.

e In order to predict the student achievement and to integrate these predictions with the
systems used in the learning process, exactness level of these predictions is important. Exact
predictions are basically ensured through clear and organized data. Accordingly, this research
is important in terms of encouraging educational institutions and organizations to identify the
explanatory variables of achievement and to collect data about these or similar variables.

¢ SSPE score is also one of the most important variables in predicting the student
achievement. This variable provides quantitative data about the educational background of the
student. Similar studies on the prediction of student achievement (Oman, 1986; Wilson &
Shrock, 2001; Wilson, 2002) provide data about the courses taken students during high school
education. It is considered that a similar study may be carried out with the OES students to
achieve more extensive results, and more exact predictions.
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1. INTRODUCTION

Although the key study on artificial neural networks (ANN) was based on the models of
McCulloch and Pitts (1943), which they called “A logical calculus of the ideas” it is possible
to say that the use of artificial neural networks constructed by means of computers dates back
to the 1950s (Heaton, 2008). Historically, basic network architectures were first announced by
Frank Rosenblatt as “The Perceptron.” Then, chronologically, the progress has been as follows
(Graupe, 2007):

e “The Artron” by R. Lee in 1950,

e “The Adaline” by B. Widrow in 1960, and

e “The Madaline” by, again, B. Widrow in 1988.

The ANN models developed in the subsequent years are based on the working principles
of these four models in general. The use of this method of analysis that can be regarded as new
is rapidly increasing with many artificial neural network architectures being developed. Today,
it is possible to find use of artificial neural networks in many different fields including brain
and cognition (Gupta, Molfese, & Tammana, 1995), scientific and technical information
(Polanco, Francois, & Keim, 1998), environmental planning, design and architecture (Raju,
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Sikdar, & Dhingra, 1996; Wyatt, 1996), geographic information systems (Foody, 1995),
grammer (Vokey & Higham, 2004), business and economics (Selim, 2009; Suzuki, 2001; Tang,
2009), industrial engineering (Azadeh, Saberi, & Anvari, 2011), energy (Geem, 2010),
ergonomics (Nussbaum & Chaffin, 1996), ethology (Snyder, 1998), weather forecast (Ghiassi,
Saidane, & Zimbra, 2005), air pollution (Cal, Yin, & Xie, 2009), human behavior and computer
(Stevens, lkeda, Casillas, Palacio-Cayetano, & Clyman, 1999), job security (de Haen, 2009),
paleontology (Anemone, Emerson, & Conroy, 2011), psychiatry (Cohen, 1994), psychology
(Verhagen & Scott, 2004), psycho-sociological (Dowman & Ben-Avraham, 2008), health
(Alam & Briggs, 2011), telematics and informatics (Sim, Tan, Wong, Ooi, & Hew, 2014),
prevent and analyze traffic accidents (Wei & Lee, 2007), tourism management (Palmer,
Montano, & Sese, 2006), expert systems (Ahn, Cho, & Kim, 2000) and education and training
(Demir, 2015).

When the successful applications in these fields are examined, it can be said that artificial
neural networks are used especially when there are non-linear, multidimensional, incomplete,
imperfect and error-prone data, and where there is no mathematical model for solving a problem
(Cirak & Cokluk, 2013). In order to better understand this method, which is trying to imitate
the functioning of the human brain, its structure and its basic components need to be examined.

The structure of this method is based on the functions of the human brain. The cells in the
brain provide humans with the ability to use and practice their thinking, reasoning, and
experience (Gonzalez & DesJardins, 2002). Artificial neural networks aim to make use of these
abilities of the human brain to automatically generate new information through the features of
learning, discovery and construction without any help (Cirak, 2012; Yavuz & Deveci, 2012). It
is important to know how a neural network works biologically to be able to better understand
the working principle of artificial neural networks and the elements of a network.

The biological nervous system in the human body consists of a three-layered structure
that includes receiving data, interpreting them, and making decisions (Kuyucu, 2012). The brain
is in the center of this system shown as the “Nervous System Block Diagram” in Figure 1. The
brain receives information, makes sense of it and makes a proper decision. Arrows from left to
right convey the information-bearing signals into the system through feedforward, and the
arrows from right to left through feedback (Haykin, 2009). Receptors transmit stimuli from the
human body and environment to the neural network by turning them into electrical impulses;
the effectors turn these impulses into understandable reactions as an output of the system
(Haykin, 2009).

N

Stimulus |——®»  Receptors Neural Net Effectors —> Response

Figure 1. Nervous system block diagram (Haykin, 2009).

The basis of the biological neural networks is the nerve cells. The number of nerve cells
in the cortex of the human brain is estimated to be about 10 billion (Cuhadar, 2006). A nerve
cell is composed of a cell body, a dendrite and an axon. At the macro level, in nerve cells, which
work in a way similar to the working principle of the nervous system, incoming stimuli are
transmitted to the cell body via dendrites. Outputs generated after operations in the cell body
are transmitted to other nerve cells via axons.
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The similarity of the working principle of the artificial neural networks and the elements
of the network with the biological neural cells is shown in Figure 2. The connections between
the cells correspond to axons and dendrites. The weight factors (W) correspond to synapses. In
an artificial nerve cell, stimuli coming to the cell (X1, X2, ... Xm) based on the effect of the weight
factor (Wky, Wko, ... Wkm) are converted into stimuli as outputs in response to a nonlinear
activation function by taking into account the state or grade of intracellular synaptic weights
(Kog, Balas, & Arslan, 2004).

Dendrites

~
(a)

Cell

body

Axonal arborization

Activation

(b)

function

¢(+) F— Output

x, 0—w(10)
Inputs
. .
. . Summing

junction

X O—»
Synaptic weights
(including bias)

Figure 2. Similarity between biological and artificial neural networks (Arbib, 2003a; Haykin, 2009b).

The basic components of an artificial neural network consist of six different components:
input layer, weights, hidden layer, summing function, activation function and output layer.
Biologically, a neuron corresponds to a processor element in artificial neural networks.
Dendrites are used as inputs, and the cell body is used as a substitute for transfer functions used
in the network architecture. Weights used in artificial neural networks fulfill the function of
synapses, while the axons represent the neuronal output of the artificial neural network. The
basic components of the artificial neural network can be explained as follows.

Input Layer: Input signals (X1, X2, ... Xm) sent to the input layer are transmitted to the next
layer without any statistical processing. The only function of this layer is to transmit the data to
the next layer (Yurdakul, 2014). In addition, the input signals on this layer can be more than
one. The input signal sent to the input layer may be any of the texture, mathematical value,
audio signal, or image processing elements according to the type of the network.

Synaptic Weights: Synaptic weights (Wki1, Wko, ... Wkn) are the statistical coefficients
indicating the importance of the input data to the hidden layer and its effect on the learning of
the network. A positive or negative weight is generated for each input signal (Kuyucu, 2012).
All links that provide the relationship between input signals and other layers have different
weight values. This variant assignment of values ensures that synaptic weights are effective on
all processing elements (Yurdakul, 2014). In artificial neural networks, the display of
information is provided by these weights. Therefore, synaptic weights are an important variable
affecting the design and performance of a network (Emir, 2013). In the determination of this
variable, it is assumed that the input signals have some statistical distributions.
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Hidden Layer: Intermediate layers providing information exchange between the input and
output layers are called hidden layers (Sengiir & Tekin, 2013). More than one hidden layer can
be found in an artificial neural network. However, depending on the problem situation, if there
are not enough hidden layers, the network fails to learn. If there is more hidden layer than
necessary, it will cause the network to memorize the current situation and make the learning
situation impossible (Yurdakul, 2014).

Summing Junction: This junction, also called merging, calculates the net input to the cell
(Adiyaman, 2007; Yavuz & Deveci, 2012). It makes this calculation by using the linear
combination of the weights of the respective input values for each input value (Emir, 2013).
The addition functions can change in different models depending on the structure of the network
architecture. In some models, input values are important, while, in some other models, the
number of inputs may be an important variable. Taking this difference into account, the most
appropriate addition function is determined by trial and error (Cuhadar, 2006; Kuyucu, 2012).

Activation Function: The activation function, also called the transfer function, determines
the output that the cell produces in response to the input by processing the net input obtained
from the addition function (Giilge, 2010; Kayikgi, 2014). Separate activation functions are
applied to all of the nerve cells in the network, and the output value can be calculated by means
of the statistical value obtained after the function (Cirak, 2012). As with the addition function,
one can benefit from different functions in the use of this function.

Output Layer: In this layer, the information to which an appropriate activation function
is applied is processed to produce the output required for the input data given in the first stage
to the network. The output layer consists of a single layer, where the generated data are
transmitted to the outside world.

Although the components forming an artificial neural network are mainly composed of
these components, artificial neural networks vary in many different classifications according to
their intended use. In this study, it was aimed to predict elementary education teacher
candidates’ achievements in “Science and Technology Education I and II”” courses by using
artificial neural networks. It was also aimed to show the importance levels of the independent
variables in the prediction. The features and the construction of the network architecture created
in this framework are explained in the Method section.

2. METHOD
2.1. Sample

The data in this study were obtained from the transcripts of elementary education teacher
candidates graduating from four different state universities and the demographic information
without personal information found in student information systems. Graduates who have not
graduated withinfour years were not accepted into the sample. Moreover, the data of students
who attended and left the current programs with a lateral or vertical transfer via some programs
implemented by the Council of Higher Education of Turkey (such as Mevlana or Erasmus
Student Mobility) were removed and not included in the study. After these procedures, the data
of a total of 865 graduates were analyzed within the scope of the study.

2.2. Data Analysis

The data in this study were obtained from the transcripts of elementary education teacher
candidates graduating from four different state universities and the demographic information
without personal information found in student information systems.

In the data set used in this study, variables of gender, type of education, field of study in
high school and transcript information of 14 courses including end-of-term letter grades were
collected and coded as categorical data. In the data analysis stage, these data were converted
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into numerical data using the methods described below. Categorical variables such as gender
(male, female), type of education (daytime education, evening education) and field of study in
high school (Turkish, Mathematics, Science, other) were converted into numerical data with 1-
of-N encoding method such as 'male’ = [1 0] and ‘female' = [0 1]. In addition, the placement
score given by the Assessment Selection and Placement Center of Turkey (ASPC), which is
another variable, was also included in the data set the same way as it was used by the ASPC
during placement.

When the end-of-term letter grades containing the transcript information of the 14 courses
that constitute the second part of the data set were examined, it was seen that these letter grades
represented numerically different grade ranges among the universities. For this reason, it was
found which score ranges the letter grades represented at each university by checking the
regulations for education and examinations valid for years in which each sample graduated.
Then, each university was separately transformed into the same standards at intervals given in
the table of grades of the Higher Education Council, by using the Higher Education Council
Grade Transformation Table.

Once the data were converted, the dataset was divided into two parts to construct the
network and test the problem situations that constituted the purpose of the study. The main
purpose of this separation was to (1) determine the best network performance and then to (2)
evaluate the performance of the prediction data that the constructed artificial neural network
would generate in the presence of the new data set that it would encounter for the first time. In
other words, this separation would allow the comparison of two things: (1) the output data that
the artificial neural network would produce when it takes the independent variables as input
data, assuming that the artificial neural network has learned the relationship between dependent
and independent variables, and (2) the actual data of the dependent variable in the data set of
the study.

In this context, the graphical representation of all operations on the dataset is presented
below and each step is explained in detail (Fig 3).
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Figure 3. Data set operations for network construction.

Within the scope of this study, (A) all data of N=865 people who constituted the sample
were randomly divided into two parts as (B) “the Data Set to be Predicted” and (C) “the Data
Set on which the ANN was built” to construct a network using the Matlab Neural Network
Toolbox.

(B) “The Data Set to be Simulated” consisted of 200 individuals randomly selected from
the 865 individuals constituting the sample. In general, at least 15% of all datasets are used as
simulation data in studies (e.g., Bahadir 2013; Bagsman 2014; Demir 2015), although there is no
method or standard for determining this number in the literature. In the context of this study,
23% (N=200) of the entire data set was reserved for comparing the simulation data with the
actual data after constructing network. The data set was not seen by the system during the time
the network learned the relation between its dependent and independent variables. In other
words, the constructed artificial neural network was formed by the data of the remaining 665
people.

(C) “The Data Set on which the ANN was built” consisted of 665 people, except for the
data of 200 people that were excluded to be simulated later on. This data set included the
following data, which were thought to be predictive of the achievement in the Science and
Technology Education course: 665 participants’ gender, field of study in high school, ASPC
placement score, and year of graduation as well as quantified data of the letter grades of General
Biology, Introduction to Educational Science, General Chemistry, Educational Psychology,
General Physics, Science and Technology Laboratory Applications I, Instructional Principles
and Methods, Science and Technology Laboratory Applications Il, and Environmental
Education courses. When the network learns within this data set, it tries to learn the
relationships between dependent and independent variables by using the learning functions
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determined by the researcher, by determining random selections from the data in itself. It, then,
produces simulation data by testing the performance of the network it has constructed. The
learning and testing stages are described in detail below.

(D) In the “Learning Data Set”, the system tests the user-specified learning functions
during the network learning by using 15% of the participants with random selections from the
data set given to it. This 15% rate can be increased or decreased by the researcher. Within the
scope of this study, 15% was used as the default setting for network learning. At this stage, the
network tries to discover the dependent and independent variable relations in the dataset with
the determined 15% parts to construct the expected output values.

(E) A “Testing Data Set” is constructed to test the relations systematic— established in
the network learning stage, which is the preceding stage — in sets of 15% of data. As in the
learning data set, the network does this randomly in order to test the performance of the
network.

(F) In the “Network Construction” stage, the network — having learned and tested the
relationships between dependent and independent variables — predicts the possible outputs of
the data to be inputted by the user. Here, the input data of 200 people reserved in the first stage
(B) were fed to the network and the outputs were predicted by the network.

(G) A statistically significant difference was sought by comparing the output data
generated in the previous stage to the actual data reserved in stage B.

To summarize all these steps, the entire dataset was divided into two parts: the network
construction and the comparison of the actual data to the data to be simulated by the constructed
network. In this separation process, the data set to be predicted was not included in the network
in order to prevent the network from memorizing the outputs. The data set on which the network
was constructed was randomly separated by the system to test the network learning and the
conditions it has learned, and a network architecture was constructed. It was ensured that the
constructed network architecture predicted the outputs by loading only the input data of the
dataset reserved in the first stage. Finally, the data that were modeled and predicted by the
network were compared with their actual values.

All of these operations in the dataset were done to create the best network architecture.
However, the most important thing to know here is that there is more than one network
architecture in artificial neural networks. Within the scope of this study, the procedures for
creating the best network architecture considering the properties of the problem state and
variables is explained in detail in the next section.

2.3. Construction of the Network Architecture

There are hundreds of options for creating network architectures used in modeling and
predictioning with artificial neural networks. This feature, which provides the researcher with
flexibility in selecting the components to be used in network construction (such as network
type, learning algorithm, and transfer function), sometimes causes the researcher to make too
many attempts at finding the best combination of components for a proper network selection.
In these attempts, the goal is to establish a network structure that learns the desired output values
when it encounters a new data set, or in other words, learns relationships between the dependent
and independent variables of the research problem in the best way possible. A network
architecture that solves the research problem in the best way possible can be described as the
architecture that best learns the relationship between existing inputs and outputs. In order to
construct the most suitable network architecture, it is necessary — during the selection of
components stage — to consider many variables such as the hardware characteristics of the
computer in which the network is tried, the type of variables used, and the characteristics of the
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desired output data. Given this diversity, many network architectures should be tried to do any
modeling, and the architecture that gives the best result should be preferred.
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Figure 4. Constructed Network Architecture

Within the scope of this study, 146 different network architectures were constructed to
obtain the most suitable network architecture. Each constructed architecture was tested 10
times. Among these 10 trials, the highest performance verification value was recorded together
with the R values of the trial, verification and test processes that were created during the
network learning stage. Therefore, within the scope of this study, when selecting the most
suitable network architecture for the problem situation, 1460 different network architectures
were investigated. The network architecture with the lowest Mean-Square Error (MSE) value
was taken as the criterion for the most suitable network selection.

The table below shows the characteristics of the network with the best performance value
after the trials (Table 1).

Table 1. Characteristics of the Network Architecture (see Fig 4).

Adaptation Number of . Number of Neurons
- Performance  Transfer . Learning
Network Type Learning Function Function Hidden Function
Function Layers Hidden Hidden
Layer1 Layer2
Momentum Hyperbolic
Cascade-forward Weights Mean-Square yp Levenberg-
. . Tangent 2 30
Backpropagation Gradient Error . . Marquardt
Sigmoid
Descent

After setting the network type, the stage for the determination of the learning function
began. At this stage, Levenberg-Marquardt (TRAINLM), the gradient descent (TRAINGD),
and the Powell-Beale restart conjugate gradient descent learning algorithm (TRAINCGB),
which yield fast results for nonlinear problems, were tested separately in the architectures.

3. FINDINGS

3.1. Modeling and Estimation of Achievement in Science and Technology Education I and
Il Courses using Artificial Neural Networks

When the network performances of the architectures — prepared to predict
achievements in the Science and Technology Education I (Network 1) and Il (Network 2)
courses and to ensure learning of the network — were examined, it was seen that the mean-
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square error values were MSEnework 1=0.478 and MSEnework 2=0.427. The table showing the
regression coefficients for learning, validation and testing of the artificial neural network is
given below (Table 2).

Table 2. Network Performance and Regression Values

R
Network MSE _ __
Learning Verification Test Total
1 0.47754 0.81632 0.90097 0.87808 0.83774
2 0.42740 0.81917 0.89856 0.83345 0.83679

When the above table is examined, it can be seen that the network regression values were
R=0.82 for the learning stage, R=0.90 for the verification stage and R=0.88 for the test stage in
Network 1; and R=0.82 for the learning stage, R=0.90 for the verification stage and R=0.83 for
the test stage in Network 2. The total R value, which is the other regression coefficient given
above, was obtained by introducing the input values of 665 people to the network after the
network learning stage, estimating the output values and comparing these values with the actual
values in a correlation. Therefore, it is seen that there was a statistical correlation between the
Science and Technology Education | course grades produced by the network and the actual
grades (R=0.84), and between the Science and Technology Education Il course grades produced
by the network and the actual grades (R=0.84). These values can be interpreted as a high
correlation between the data produced by the network and the actual data. Based on this, it can
be said that the network accomplished a successful modeling. A graphical comparison of the
actual grades of the people with the grades predicted by the network is given below (Fig 5 &
Fig 6).
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Figure 6. Science and Technology Education Il Course Observed and Predicted Values

After the establishment of the network architecture, the achievement grades in the Science
and Technology Education | and Il courses were estimated by using the input values of the 200
people, which were reserved at the beginning of the study and were not seen by the network
before, as well as the existing network structure and connections. These grades that were
predicted were compared with the actual data set, and correlations for Network 1 (r=.68,
p<0.001) and for Network 2 (r=.69, p<0.001) were obtained. As it is known, there is no general
rule about the evaluation of the correlation coefficient, but it is possible to describe the
relationship between .68 and 1 as a high or strong relation according to Taylor (1990). This
finding is an indication that the constructed artificial neural network learned the achievement
grades in the Science and Technology Education I and Il courses, which were the output values,
using the input values of the people, at a good level.

3.2. Independent Variables Importance Used to Estimate the Achievement in the Science
and Technology Education | and Il Courses

The final finding obtained within the scope of this study was to determine the independent
variables importance used to predict the dependent variables. In this context, the independent
variables importance for the Science and Technology Education | course are given in Table 3.
When Table 3 is examined, it is seen that the placement score (100%) was the most important
variable affecting the dependent variable. The variables with a normalized importance level
greater than 50% were Introduction to Educational Science (71.80%), Science and Technology
Laboratory Applications I (68.40%), General Physics (58.30%), Instructional Principles and
Methods (53.80%), General Chemistry (53.00%) and Educational Psychology (50.70%).
However, variables with a importance level below 50% were Science and Technology
Laboratory Applications 11 (48.20%), Gender (45.90%), General Biology (44.90%),
Environmental Education (43.40%), Field of Study in High School (40.20%) and Type of
Education (35.80%). A bar graph showing the normalized independent variables importance
are given below.
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Table 3. Normalized Independent Variables Importance for Science and Technology Education | Course

Independent Variable Importance Normalized Importance*
Placement Score 14 100.00%
Introduction to Educational Science 101 71.80%
SC|en'ce gnd Technology Laboratory 096 68.40%
Applications |

General Physics .082 58.30%
Instructional Principles and Methods .075 53.80%
General Chemistry 074 53.00%
Educational Psychology 071 50.70%
SC|en'ce gnd Technology Laboratory 067 48.20%
Applications Il

Gender .064 45.90%
General Biology .063 44.90%
Environmental Education .061 43.40%
Field of Study in High School .056 40.20%
Type of Education .05 35.80%

* Importance values divided by the largest importance values and expressed as percentages.

As can be seen above, 13 variables, which were defined as the independent variables for
the Science and Technology Education | course, were ranked in descending order according to
their normalized importance levels.

The independent variables importance for the Science and Technology Education 1l
course are given in Table 4.

Table 4. Normalized Independent Variables Importance for Science and Technology Education Il
Course

Independent Variable Importance Normallzed*
Importance
Placement Score 108 100.00%
Instructional Principles and Methods 1 92.2%
General Biology 071 65.8%
General Physics 071 65.8%
Classroom Management .07 64.2%
Science and Technology Laboratory Applications | .066 61.00%
Introduction to Educational Science .061 56.1%
Measurement and Assessment .056 51.9%
General Chemistry .055 51.00%
Educational Psychology .052 48.2%
Science and Technology Education | .051 47.3%
Instructional Technologies and Material Design .051 47.00%
Science and Technology Laboratory Applications Il 044 40.2%
Environmental Education 041 37.6%
Type of Education .037 34.5%
Field of Study in High School .035 32.7%
Gender .03 27.6%

* Importance values divided by the largest importance values and expressed as percentages.

When Table 4 is examined, it is seen that the most important variable affecting the
Science and Technology Education Il course was the Placement Score (100%), which was also
the most important variable that predicted the Science and Technology Education | course. The
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variables with a normalized importance level greater than 50% were the achievement grades of
the Instructional Principles and Methods (92.2%), General Biology (65.8%), General Physics
(65.8%), Classroom Management (64.2%), Science and Technology Laboratory Applications |
(61.00%), Introduction to Educational Science (56.1%), Measurement and Assessment (51.9%)
and General Chemistry (51.00%) courses. They were followed by Educational Psychology
(48.2%), Science and Technology Education | (47.3%), Instructional Technologies and
Material Design (47.00%), Science and Technology Laboratory Applications 11 (40.2%),
Environmental Education (37.6%), Type of Education (34.5%), Field of Study in High School
(32.7%) and Gender (27.6%).

4. DISCUSSION AND CONCLUSION

When the literature on the use of artificial neural networks in the field of education and
training is examined, it is found that even though there are several studies conducted in the
international literature (Ibrahim & Rusli, 2007; Karamouzis & Vrettos, 2008; Oladokun,
Adebanjo, & Charles-Owaba, 2008), far less attention has been paid on the prediction and
classification of student achievement in Turkey. However, it is possible to come across frequent
use of regression analysis types (Agil, 2010; Bahar, 2011; Bastiirk, 2008; Dogan & Sahin, 2009;
Kablan, 2010; Kosterelioglu, Kosterelioglu, & Kilmen, 2008) in prediction studies related to
education and training in our country.

Some of the artificial neural network studies conducted in Turkey have been directed
towards the prediction of standard tests such as TEOG (Sen, Ugar, & Delen, 2012), KPSS
(Demir, 2015), and PISA (Tepehan, 2011) as well as students’ course scores (Turhan, Kurt, &
Engin, 2013) and general academic scores (Sengiir, & Tekin, 2013). In general, two types of
benchmarking studies on artificial neural networks are widely available on the basis of
education and training. The first of these is the type of studies by Ayik, Ozdemir and Yavuz
(2007), Ibrahim and Rusli (2007), Sengiir (2013), Sengiir and Tekin (2013), Tosun (2007), and
Vandamme, Meskens and Superby (2007), which are based on a comparison of prediction
performances of decision trees and artificial neural networks, including classification analyzes
from data mining models. The second is the type of studies by Bahadir (2013), Cirak (2012),
Guo (2010), Tepehan (2011), and Turhan, Kurt and Engin (2013), which include the
comparison of prediction performances of regression models with those of artificial neural
networks. Other than these, there are also studies on the prediction and classification of student
achievement using artificial neural networks without performance comparisons (Demir, 2015;
Karamouzis & Vrettos, 2008; Kardan, Sadeghi, Ghidary and Sani, 2013; Naser, Zaqout, Ghosh,
Atallah, & Alajrami, 2015; Oancea, Dragoescu, & Ciucu, 2013; Oladokun, Adebanjo, &
Charles-Owaba, 2008).

However, it is seen that research mainly focuses on studies to compare the performances
of artificial neural networks, decision trees and regression models. It can be argued that this is
due to the fact that researchers have been engaged in such studies mainly to measure and
demonstrate the effectiveness of the statistical methodology. In this study, the main purpose
was the prediction of Science and Technology Education course achievements of elementary
education teacher candidates. As a result of the study, it is seen that the most important variable
in the prediction of Science and Technology Education | and Il courses was the university
placement scores of the candidates. In a study conducted by Sitturug (1997), it is seen that
scientific process skills are the most effective variable in predicting the science achievement of
teacher candidates. The main reason for the differences in these two studies is due to the
difference in the type and number of independent variables employed in the prediction of
science achievement. In addition, the fact that the number of people in the sample of Sitturug’s
(1997) study was 80 and that the statistical analysis was carried out through regression analysis
can be shown as another factor causing this difference between the two studies. Similarly, in a
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study conducted by Anil (2009) in parallel with the main purpose of this current study, the most
important variable in predicting students’ science achievement in the PISA test was the father’s
educational status. Moreover, Ceylan and Berberoglu (2007) concluded that the most important
variable in explaining the science achievement of the students participating in the TIMSS test
was the students’ perceptions of failure. In this study conducted by Ceylan and Berberoglu
(2007), parental education level was not included as an independent variable. In addition, the
reasons for the above-mentioned studies to differ from the findings of the current study include
the facts that those studies were carried out on students under the age of 15, they employed
regression analyses and structural equation modeling, and they were carried out to predict
standard test scores such as PISA and TIMSS.

Numerous studies exist in predicting science achievement of teacher candidates as well
as students, showing that variables such as attitudes towards science and technology, parental
education level, socio-economic level, and scientific process skills are related to science
achievement and that they have an important effect in predicting the science achievement of
students (Berberoglu, Celebi, Ozdemir, Uysal, & Yayan, 2003; Fleming & Malone, 1983;
Germann, 1994; Schibeci & Riley, 1986)..

Likewise, in studies where artificial neural networks are used to predict academic
achievement, variables that are expected to influence the success of the course or general
academic achievement have been incorporated into models by researchers as independent
variables by creating different network architectures. This also leads to differentiation of
research results. The biggest cause of these differences is the fact that different types of input
variables are chosen by researchers as mentioned above. In addition, the number of layers,
number of neurons and learning function are increased when creating the best model with
artificial neural networks. These increase the number of combinations of trials. This excess
number of combinations allows researchers to create a large number of network architectures
in their studies. This leads to different analyses and different outcomes in similar studies, as it
is the case in the prediction of academic achievement. However, it is seen that the lowest
classification prediction and the highest network performance vary between 51.88% and
91.77%, respectively, in the findings of studies (such as linear regression, logistic regression
and decision tree) on the comparison of the predictions and the statistical methods with respect
to artificial neural networks related to education and training (Bahadir, 2013; Cirak, 2012;
Giil¢in, Crrak, & Cokluk, 2013; Demir, 2015; Guo, 2010; Ibrahim & Rusli, 2007; Karamouzis
& Vrettos, 2008; Kardan, Sadeghi, Ghidary, & Sani, 2013; Moridis & Economides, 2009;
Naser, Zaqout, Ghosh, Atallah, & Alajrami, 2015; Oancea, Dragoescu, & Ciucu, 2013;
Oladokun, Adebanjo, & Charles-Owaba, 2008; Paliwal & Kumar, 2009; Romero, Ventura, &
Garcia, 2008; Rusli, Ibrahim, & Janor, 2008; Sen, Ugar, & Delen, 2012; Sengiir, 2013; Sengiir
& Tekin, 2013; Tepehan, 2011; Tosun, 2007; Turhan, Kurt, & Engin, 2013; Vandamme,
Meskens, & Superby, 2007).

The fact that the artificial neural network performance in this study was R=0.84 for the
Science and Technology Education I course, and R=0.84 for the Science and Technology
Education 1l course shows that the network performance overlaps with the findings obtained
from the above studies. In the prediction of academic achievement, both in the context of this
study and in the studies mentioned above, the results obtained using artificial neural networks
show that the prediction results can be considered quite good specifically for social sciences.
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postpartum second and sixth months showed that there was a significant
increase in the areas of household activities (p=0,000), social and community
activities (p=0,000) and self-care activities (p=0,000) for the women in the
sixth month; similarly, for the fathers, household activities (p=0,008), social
and community activities (p=0,003) and child care activities (p=0,007) rose
in the sixth month. Furthermore, the study found that certain
sociodemographic variables had an effect on functional status (p=0,000). It
is important that nurses and/or midwives support parents during the
pregnancy process, particularly during the transition into their new roles as
women and their partners, and help prepare them for the changes to occur as
they enter into this new period of life.
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1. INTRODUCTION
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on recovery of the reproductive organs. On the other hand, some topics such as the process of
transition to parenthood, increased responsibilities, tiredness, changes in the relationship with
the spouses, pre-pregnancy social and professional activities are not considered enough
(Fichardt, Van Wyk & Weich, 1994; Gjerdingenm & Chaloner, 1994; Herbert, 1998; Hodnett,
1996). The functional status of women are required to “take on the responsibility of infant care,
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self-care, household activities, and social, community, and occupational activities” (Fawcett,
Tulman & Myers, 1988). The functional status of fathers, on the other hand, either stays the
same or expands to involve more responsibilities, including those related to social, community,
occupational, and educational activities, and child and personal care. Furthermore, partners take
on the responsibility of taking care of other children within the family during pregnancy and
after the childbirth (McVeigh, 2001; Tulman, Fawcett & Weiss, 1993).

In some studies, parents have described the postpartum period as a process that generates
major problems for both themselves and their family life. Moreover, research has shown that it
requires women a longer amount of time to return to their antenatal functional status than to
recover physiologically (Fawcett et al., 1988; Fichardt et al., 1994). Identifying precisely how
the functional status of women changes in the postpartum period, as well as the factors that are
brought to bear on these changes, is therefore key. During the postpartum period in particular,
which is marked by an increasing number of difficulties, it is necessary to focus on solutions,
not only to the physical problems women experience, but also to their social and psychological
conditions, as these tend to take a longer time to overcome (Apay, Ejder & Pasinlioglu, 2009;
Beji, Coskun & Yildirim, 2003; Ozkan & Sevil, 2007).

The men's transition to fatherhood is as complicated as the woman’s transition to
motherhood. The role of fatherhood has been shown to start at the diagnosis of pregnancy,
continuing up to the birth of the baby and evolving during the months following the birth
(Barclay & Lupon, 1999; Basbakkal, 1999; Sevil & Ozkan, 2010). This period requires that the
father takes on more responsibility, remains committed, and allocates sufficient time for the
infant. In this period of transition, men experience a number of changes in their lifestyle,
including having to face the facts about pregnancy and child birth, making efforts to accept
fatherhood, and adapting to a new role (Anderson, 1996). "Expectant™ fathers may experience
anxiety, conflicting emotions, weakness and happiness, all of which enable them to develop a
new set of skills necessary for the roles related to fatherhood (Barclay, Donovan, & Genovese,
1996; Henderson & Brouse, 1991). The functional status of fathers is a multidimensional
process, and the transition to motherhood and fatherhood can be a complicated period for both
women and their partners. In this process, men are expected to not only fulfil their previous
duties but also to get accustomed to their new and challenging role of being father (Fawcett et
al., 1988; McVeigh, 2000a; McVeigh, 2000b; Sevil & Ozkan, 2010; Tulman et al., 1993).

Most studies have largely concentrated on the womens’ functional status before and after
the birth. There is not enough information about the functional status of both women and their
partners in the postpartum period (Apay et al., 2009; Beji et al., 2003; Fichardt et al., 1994;
McVeigh & Chaboyer, 2002; Ozkan & Sevil, 2007; Posmontier, 2008; Sanl1 & Oncel, 2014;
Tulman, Fawcett, Groblewski & Silverman, 1990). For this reason, this study has aimed to
determine the changes that occur within the social sphere, in terms of the postpartum functional
status and recoveries of women and their partners, in the months following the birth, and also
to determine the correlation between socio-demographic factors and postpartum functional
status.

2. MATERIALS AND METHODS
2.1. Data and test subject selection

This descriptive study was conducted in order to identify the postpartum functional status
of women and their partners. This study was conducted in three Family Health Centers which
were low, moderate, and high socio-economic standings. The Family Health Centers were
selected from 51 Family Health Centers located in the city center of Denizli, Turkey. The study
involved women and their partners in the postpartum sixth to eighth weeks. Using a sampling
size calculation formula, applicable for when the test subject is known, the number of
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participants was calculated to be 41, at a confidence interval of 95% and a sampling error of
5%; however, to preempt possible loss of participants, the study started out with 58 women
and their partners. The study ended up being completed with 45 women and 45 partners (in
total 90 participants).

2.2. Inclusion criteria

To participate in the study, the women had to have had a full-term vaginal delivery or
caesarean section and be in the postpartum sixth to eighth weeks, while both mother and father
had to have no mental retardation, chronic illness or disability, be able to speak and understand
Turkish, and agree to participate in the study. All the infants in the study were full term without
any health problems.

2.3. Data collection tool

The tools used in the study included a personal information form, which was developed
based on corresponding literature, to determine the socio-demographic characteristics of the
test subject; the Inventory of Functional Status After Childbirth (IFSAC), to evaluate the
postpartum functional status of women; and the Inventory of Functional Status-Fathers (IFS-
F), to evaluate the functional status of fathers. Data collection involved a two-step process,
which was conducted through face-to-face interviews. The first step included administration
of the personal information form and the functional status inventories (IFSAC, IFS-F) to the
women and their partners in the postpartum sixth to eighth weeks. The second step included
re-administration of the same functional status inventories to the women and their partners in
the postpartum sixth month.

2.3.1. Personal information form

Prepared on the basis of the corresponding literature, the questionnaire that ten questions
included features questions about the socio-demographic characteristics and income status of
participants, as well as the number of pregnancies and number of living children, delivery
method, method of feeding their children, occupation, and the state of the support they give in
infant care and household activities (Beji et al., 2003; Fawcett et al., 1988; McVeigh, 2000g;
McVeigh, 2000b; Ozkan & Sevil, 2007).

2.3.2. IFSAC: Inventory of functional status after childbirth

The Inventory of Functional Status After Childbirth (IFSAC), which is based on the role
function model of the Roy Adaptation Model, is used to measure functional status (Fawcett et
al., 1988; Fawcett & Tulman, 1990). The IFSAC questionnaire allows for the assessment of
primary, secondary and tertiary roles in the postpartum period. There are five dimensional
subscales of the inventory: infant care, self-care, household activities, social, community
activities, and occupational activities. The validity and reliability were conducted by Ozkan
and Sevil (2007) in Turkey. The questionnaire consists of 36 items. Higher mean scores
indicate greater functional status.

2.3.3. IFS-F: The Inventory of functional status-fathers

Developed to evaluate the functional status of fathers during the last trimester of
pregnancy and the postpartum period (Tulman et al., 1993), this inventory was created on the
basis of the role function model of the Roy Adaptation Model and features seven subscales:
occupational activities, household activities, personal care activities, social and community
activities, child care responsibilities, educational activities and baby care activities The validity
and reliability were conducted by Sevil and Ozkan (2010) in Turkey. The questionnaire
consists of 51 items. Higher scores indicate a high functional status (McVeigh, 2001; Sevil &
Ozkan, 2010; Tulman et al., 1993).
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2.4. Ethical aspect of the study

In order to conduct the study, permission was obtained from Denizli Provincial
Directorate of Health and Non-Invasive Researches Ethics Committee of Pamukkale
University. Also permission was obtained from the institution where the research was
conducted. The women and their partners to be included in the study were informed about the
purpose of the study and verbal and written consents were received from those who agreed to
participate in the study.

2.5. Data Analysis

The data were analyzed using number values, percentage, mean, paired t-test, Mann-
Whitney U Test, Wilcoxon Signed Ranks Test, and Kruskal Wallis analyses. Statistical
significance was defined as p<0.05.

3. FINDINGS

Table 1 shows the socio-demographic data of the women and their partners who
participated in the study. In terms of the functional status of the women, a significant increase
was found in the mean scores of household activities (p=0.000), social and community
activities (p=0.000) and self-care activities (p=0.000) in the postpartum sixth month. No
significant difference, however, was determined between the months studied in terms of the
mean scores obtained in the areas of infant care activities and occupational activities (p>0.05)
(Table 2).

Table 1. Socio-demographic characteristics of women and their partners

Socio-Demographic Characteristics Mother Father
n(%) n(%)
Residential area
Low 15(33.3) 15(33.3)
Moderate 15(33.3) 15(33.3)
High 15(33.3) 15(33.3)
Age
18-23 years 4(8.9) 0(0)
24-29 years 17(37.8) 9(20.0)
30-35 years 16(35.6) 21(46.7)
35 years and above 8(17.7) 15(33.3)
Educational Background
Illiterate 1(2.2) 0(0)
Primary school graduate 12(26.7) 14(31.1)
Secondary school graduate 4(8.9) 5(11.1)
High school graduate 10(22.2) 9(20.0)
Associate degree//Bachelor's degree 18(40.0) 17(37.8)
Occupation
Unemployed 24(53.3) 1(2.2)
Civil servant 6(13.3) 4(8.9)
Worker 5(11.1) 17(37.8)
Self-employed 4(8.9) 15(33.3)
Other 6(13.4) 8(17.8)
Economic condition
Income higher than expense 11(24.4) 10(22.2)
Income equal to expense 26(57.8) 22(48.9)

Income lower than expense 8(17.8) 13(28.9)
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Social security

Yes 43(95.6) 42(93.3)
No 2(4.4) 3(6.7)
State of intending pregnancy
Intended and planned 36(80.0) 36(80.0)
Intended but unplanned 9(20.0) 9(20.0)
Common characteristics of Mother-Father n(%)
Method of feeding the infant
Breast milk 35(77.8)
Formula 1(2.2)
Breast milk and formula 9(20.0)
Contribution to infant care from the outside
Yes 25(55.6)
No 20(44.4)
Contribution to infant care (n=25)
Maternal/Grandmother-Paternal Grandmother 16(35.6)
Father 6(13.3)
Nanny 3(6.7)
Contribution to household chores from the outside
Yes 24(53.3)
No 21(46.7)
Contribution to household chores (n=24)
Maternal Grandmother/Paternal Grandmother 12(26.7)
Father 9(20.0)
Nanny 3(6.7)
Duration of marriage
1-3 years 17(37.7)
4-6 years 11(24.4)
7-10 years 10(22.2)
10 years and more 7(15.7)
Delivery method
Normal birth 11(24.4)
Caesarean section 34(75.6)
Number of pregnancies
1 16(35.6)
2 and more 29(64.4)
Live birth
1 17(37.8)
2 and more 28(62.2)
Table 2. Functional status mean scores of women according to months
Subscales 2nd month (n =45)  6th month (n = 45) P
Mean+SD Mean+SD
Household activities 2.59+0.49 3.02+0.44 .000*
Social and community activities 1.81+0.39 2.134£0.51 .000*
Infant care activities 3.75+0.26 3.83+0.24 113*
Self-care activities 2.70+£0.43 3.08+0.28 .000*
Occupational activities (n = 2) 2.40+0.00 2.86+0.43 .180**

*Paired t Test ** Wilcoxon Signed Ranks Test
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The examination of the fathers” functional status in the postpartum second and sixth
months showed there to be a significant increase in the mean scores of household activities
(p=0.008), social and community activities (p=0.003) and child care activities (p=0.007) in the
sixth month, while no significant difference was found in terms of the months studied in the
mean scores of infant care, self-care, and occupational and educational activities (p>0.05)
(Table 3).

The effect of socio-demographic variables on the functional status of fathers was studied
and analyzed as well. Fathers with a higher educational level had statistically significant mean
scores in the area of infant care responsibilities in the postpartum eighth week (p=0.024), and
in the area of child care activities in the postpartum eighth week and the postpartum sixth month
(p=0.023; p=0.030). No significant difference was detected between the other subscales and
educational background (p>0.05). Likewise, no significant difference was found between age,
economic condition, number of children and the functional status in the postpartum second and
sixth months (p>0.05) (Table 4).

In examining the effect of socio-demographic variables on the functional status of
women, it was discovered that women with a higher educational level had higher mean scores
in the area of household activities in the postpartum sixth month (p=0.043). Furthermore,
women who had a caesarean section were found to have stable mean scores in the area of
household activities in the postpartum eighth week and higher mean scores in the postpartum
sixth month, as compared to women’s who gave normal birth (0.042). The other socio-
demographic variables showed no significant influence on the women’ functional status
(p<0.05) (Table 5a, 5b).

Table 3. Functional status mean scores of partners according to months

Subscales 2nd month (n = 45) 6th month (n = 45) p
Mean+SD Mean+SD

Household activities 2.34+0.94 2.75+0.74 .008*
Social and community activities 2.08+0.66 2.47+0.61 .003*
Infant care activities 2.24+0.96 2.51+£0.73 .055*
Child care activities (n = 29) 2.51+0.84 2.80+0.72 .007**
Self-care activities 2.73+£0.53 2.60+0.38 .200*
Occupational activities 3.00+0.40 3.03+0.20 .697*
Educational activities (n = 4) 2.31+0.81 3.00+0.00 .180**

*Paired t Test ** Wilcoxon Signed Ranks Test
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Table 4. The effect of some socio-demographic variables on the functional status of fathers

Variables

Age *
29 year and younger (n:9)
30 year and over (n:36)

p value

Education*
Secondary school and below (n:19)
High school and above (n:26)

p value

Economic condition**

Income higher than expense (n:11)
Income equal to expense (n:26)
Income lower than expense (n:8)

p value

Number of children*
1(n:17)

2 and more (n:28)

p value

Household responsibilities Social and community Infant care Personal care activities Occupational activities Child care activities Educational
activities responsibilities activities

2nd month 6th month 2nd month 6th month 2nd month 6th month 2nd month 6th month 2nd month 6th month 2nd month 6th month 2nd month

2.26+0.78 2.86+0.75 1.95+0.68 2.31+0.74 2.37+1.08 2.44+0.73 2.74+0.67 2.61+0.47 3.00+0.50 3.00+0.10 1.95+0.06 2.40+1.09

2.36+0.98 2.72+0.74 2.12+0.66 2.51£0.58 2.21+094 2.53+0.74 2.72+0.50 2.60+0.37 3.00+£0.38 3.03£0.22  2.55+0.86 2.83+0.71

0.875 0.809 0.305 0.359 0.694 0.875 0.919 0.919 0.546 0.755 0.227 0.630

2.20+0.92 2.59+0.76 1.96+0.53 2.32+0.64 1.87+0.97 2.34+0.77 2.78+0.45 2.51+0.43 3.03+0.34 2.97+0.14  2.19+0.86 2.5040.76  2.3240.93

2.44+0.95 2.87+0.72 2.17+0.74 2.57+0.59 2.51+0.87 2.64+0.69 2.69+0.59 2.67+0.34 2.98+0.45 3.06+0.23 2.85+0.71 3.12+0.54  2.30+0.77

0.474 0.294 0.309 0.116 0.024 0.084 0.769 0.264 0.666 0.130 0.023 0.030 0.607

2.68+1.18 2.81+0.76 1.98+0.64 2.28+0.65 2.53+0.72 2.76+052 2.60+063 2.54+0.47 2.82+0.43 2.96+0.15 2.68+0.82 3.00+0.71 2.20+0.91

2.12+0.76 2.81+0.79 2.15+0.64 2.60+0.57 2.22+0.90 2.53+0.79 2.77+0.47 2.64+0.33 3.01+0.44 3.08£0.22  2.21+0.69 2.59+0.67  2.33+0.83

2.44+0.98 2.60+0.67 2.06+0.74 2.40+0.65 2.06+1.21 2.29+0.75 2.7540.58 2.58+0.42 3.12+0.27 3.00+0.20 2.74+0.98 2.91+0.79 2.40+1.03

0.447 0.737 0.876 0.334 0.508 0.275 0.929 0.794 0.199 0.437 0.249 0.385 0.853

2.4440.96 2.90+0.85 2.14+0.70 2.50+0.65 2.55+0.83 2.56+0.75 2.75+0.54 2.72+0.36 2.89+0.49 3.07+0.23

2.28+0.93 2.66+0.67 2.05+0.64 2.45+0.60 2.05+1.00 2.48+0.73 2.71+0.54 2.53+0.38 3.07+0.33 3.00+0.19

0.548 0.459 0.933 0.733 0.090 0.546 0.783 0.213 0.113 0.449

Note: 9 of the fathers who participated in the study started education and 4 continued. As no father continued education in the 2nd and 6th months, the section of educational activities

was not analyzed.
*Mann Whitney U Test

**Kruskal Wallis Test
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Table 5a. The effect of some socio-demographic variables on the functional status of mothers

Variables Household responsibilities Social and community activities Infant care responsibilities Personal care activities Occupational activities
2nd month 6th month 2nd month 6th month 2nd month 6th month 2nd month 6th month 6th month

Age *

29 year and younger (n:9) 2.55+0.57 3.00+0.35 1.86+0.44 2.06+0.47 3.74+0.28 3.87+0.18 2.71+0.34 3.11+0.32 2.80+0.60

30 year and over (n:36) 2.62+0.42 3.03+0.52 1.76+0.35 2.19+0.54 3.76+0.25 3.80+0.28 2.69+0.50 3.06+0.25 2.88+0.39

p value 0.882 0.954 0.514 0.674 0.916 0.642 0.991 0.720 0.833

Education*

Secondary school and below (n:17) 2.70+0.54 2.84+0.44 1.77£0.33 2.00+0.32 3.71+0.26 3.81+0.28 2.71+£0.42 3.11+0.29 -

High school and above (n:28) 2.52+0.46 3.12+0.42 1.83+0.43 2.21+0.59 3.77+0.26 3.85+0.22 2.70+0.44 3.06+0.78 2.86+0.45

p value 0.385 0.043 0.728 0.166 0.339 0.737 0.787 0.739 0.859

Economic condition**

Income higher than expense (n:11) 2.57+0.44 3.14+0.47 1.89+0.51 2.14+0.59 3.66+0.35 3.77+£0.27 2.71+0.44 3.07+0.30 2.84+0.45

Income equal to expense (n:26) 2.54+0.45 3.07+0.40 1.81+0.37 2.14+0.55 3.78+0.24 3.85+0.19 2.75+0.39 3.08+0.30 2.88+0.46

Income lower than expense (n:8) 2.49+0.68 2.66+0.39 1.70+0.28 2.0740.18 3.79+0.14 3.85+0.35 2.53+£054 3.10+0.21

p value 0.615 0.051 0.685 0.919 0.626 0.408 0.542 0.988 0.915

Number of children*

1(n:17) 2.50+0.47 3.11+0.36 1.78+0.46 2.10+0.45 3.71+0.28 3.87+0.18 2.61+£0.42 3.03+0.29 2.85+0.64

2 and more (n:28) 2.65+0.50 2.96+0.48 1.82+0.35 2.15+0.55 3.77+0.25 3.81+0.27 2.76+0.43 3.11£0.28 2.86+0.30

p value 0.425 0.230 0.517 0.980 0.303 0.796 0.188 0.418 0.913

*Mann Whitney U Test  **Kruskal Wallis Test
Note: As no woman started working in the 2nd month, the section of occupational activities was not analyzed.
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Table 5b. The effect of some socio-demographic variables on the functional status of mothers

Variables Household responsibilities Social and community activities Infant care responsibilities Personal care activities Occupational activities
2. month 6. month 2. month 6. month 2. month 6. month 2. month 6. month 6. month
Delivery method
(hllggsn;erl:e:r;r-t:e((:?i:l}r})(ne " 2754057 279027 1894036 196:041 3724029 3.8040.24 2814033 3.05£023 .
: 2.54+0.46 3.09+0.47 1.78+0.41 2.18+0.53 3.76+0.25 3.84+0.24 2.66+£0.46  3.09+0.30 2.86+0.43
p value 0.153 0.042 0.372 0.350 0.712 0.569 0.307 0.629 -
State of intending pregnancy
:Ezggggg zﬂ‘t’ Sr']a';gﬁge(é‘ :(:;‘_ig) 2.63£0.47 3.03+0.43 1.83£0.39 2.16+0.55 3.75£0.27 3.8240.22 2724041  3.09£0.31 2.86+0.45
p : 2.41+0.58 2.98+0.51 1.710.40 2.02+0.30 0.75+0.22 3.87+0.33 2.61+0.52  3.04+0.13 2.80+0.40
pvalue 0.159 0.932 0.416 0559 0.837 0.193 0.679 0471 0.859
Contribution to infant care from the outside
Yes (n:25) 2.50+0.47 3.08+£0.47 1.79+0.42 2.24+0.60 3.76+£0.26 3.84+0.24 2.69+0.35  3.10+0.31 2.87+0.36
No (n:20) 2.71+0.50 2.94+0.40 1.84+0.37 2.00+0.34 3.75+0.27 3.83+0.25 2.7240.52  3.06+0.26 2.80+0.84
p value 0.192 0.301 0.543 0.247 0.962 0.890 0.705 0.676 0.894
Contribution to household chores from the outside
Egs(n(f’zzf)“) 2.48+0.53 3.05+0.45 1.87+0.40 2.12+0.52 3.74+0.27 3.77+0.29 2.62+0.36  3.10+0.27 2.96+0.36
: 2.71+0.42 2.98+0.44 1.7440.39 2.14+0.51 3.76£0.25 3.91+0.13 2.79+0.49  3.05+0.30 2.70£0.52
p value 0.218 0.522 0.333 0.885 0.698 0.105 0.160 0.398 0.383

Mann Whitney U Test  **Kruskal Wallis Test

Note: As no woman started working in the 2nd month, the section of occupational activities was not analyzed.
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4. DISCUSSION, CONCLUSION AND SUGGESTIONS

Preparing both women and their partners for the challenges of parenthood before, during
and after the birth is very important in terms of maternal, child, and family health. The
preparation of fathers to fatherhood, as well as mothers for motherhood, positively affects
family health (Apay Ejder & Pasinlioglu, 2009; Beji et al., 2003; Ozkan & Sevil, 2007; Sevil
& Ozkan, 2010).

According to the results of this study, positive changes developed in the functional status
of women and their partners within the months marking the postpartum period. Women were
found to have higher mean scores in the areas of household activities, social and community
activities and self-care activities in the postpartum sixth month, compared to those of the
postpartum eighth week. However, there was no significant difference between the postpartum
second and sixth months in terms of infant care activities and occupational activities.
According to some studies in the academic literature, the postpartum functional status of
women shows significant development in the months following the birth (McVeigh, 1997;
McVeigh & Chaboyer, 2002; Ozkan & Sevil, 2007; Sanli & Oncel, 2014; Tulman et al., 1990).
While postpartum physical recovery generally takes six weeks to complete, adapting to the
increasing responsibilities related the postpartum period, like parenthood and infant care, tends
to require a longer time (Beji et al., 2003). Apay and Pasinlioglu (2009) reported in their study
that after childbirth, the scores obtained on the subscale of social and community activities
increased. In the study conducted by Sanli and Oncel (2014) they found that women become
capable of fulfilling their responsibilities, primarily those related to infant care, followed by
housework, within the first sixth months following childbirth.

In this study, a significant increase was observed in the household activities, social and
community activities and child care activities of fathers in the postpartum sixth month, as
compared to the postpartum eighth week. On the other hand, no significant difference was
discovered between the months in terms of the mean scores obtained in the areas of infant care
activities, self-care activities, occupational activities, and educational activities. In one study
on the functional status of fathers, it was noted that following childbirth, for the most part, a
majority of fathers maintained their regular participation level in household and intrafamilial
activities, while for some, there was a very slight increase in their responsibility (McVeigh,
2001). Other studies have reported that husband’s whose wives supported their involvement in
infant care had more infant care responsibilities. An examination of the related expectations of
couples within the first three weeks after the birth revealed that fathers felt unsupported in
infant care when it came to actions (St John, Cameron, & McVeigh, 2005; Sevil & Ozkan,
2010). There are only a very limited number of studies in Turkey regarding the functional
status of fathers. In one of them, Sevil and Ozkan (2010) found there to be no difference in the
functional status of fathers at the time their wives were pregnant and during the postpartum
period. In Turkey, men are not expected to participate in trainings with their wives before and
after the birth, and there are only limited opportunities available for men to prepare them for
the role of fatherhood. These drawbacks are believed to be related to the assumption that there
Is no difference between the functional status of “expectant” fathers and new fathers.

The present study found that age had no impact on the functional status of women and
their partners. In contrast, Apay and Pasinlioglu (2009) in their study, determined that with the
increase of age, functional status scores decreased, as individuals avoided doing certain
activities or did a lower rate of activities, possibly as a result of age-related physical inability
and/or health disorders. In the study by Sevil and Ozkan (2010), it was reported that compared
to younger age groups, elderly fathers were better at occupational activities. The same study
also found there to be a negative correlation between the age of fathers and social-community
and self-care activities, and a positive relation between the age of fathers and household
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activities. Sanli and Oncel (2014) discovered in their study that as women aged their functional
status increased, helping them to feel more responsible and experienced regarding infant care
and household activities, particularly in cases where the women had a higher number of
children. This last finding, as it relates to its positive effect on functional status, can be
attributed to the fact that the women’s exposure to postpartum functions helped them to be
better prepared to handle the process. The women and their partners who participated in the
present study were in the fertile age group, which could serve to explain the insignificant
impact of age on functional status.

The results from this study found that educational level had a positive effect on functional
status. As the educational level increased, the mean scores obtained by the women in the area
of household activities were higher in the postpartum sixth month. Fathers with a higher
educational level were determined to have higher mean scores in the area of infant care
activities in the postpartum eighth week, and in the area of child care activities in both the
postpartum second and the postpartum sixth month. Contrary to the results of the present study,
Tulman et al., (1990) reported that women with a higher educational level had lower functional
status than that of women with a lower educational level. Posmontier (2008) stated in his study
that as the educational level increased, the self-care of women increased. Furthermore, in a
study by Sanli and Oncel (2014), primary school graduate women were observed to have a
higher functional status in the area of infant care responsibilities in the postpartum sixth week,
while university and higher education graduate women had a higher functional status in the
area of self-care activities in the postpartum third and the postpartum sixth months when
compared to other groups. In examining the studies on the functional status of fathers,
McVeigh (2001) found that there was an increase in the functional status of fathers who had a
higher educational level. Similarly, Sevil and Ozkan (2010) also determined that the functional
status of fathers was positively affected by a higher educational level. Although other studies
have shown different results, the present study observed that women who had a caesarean
section had stable mean scores in the area of household activities in the postpartum eighth week
but higher mean scores in the same area in the postpartum sixth month, compared to those who
gave normal birth. However, it was observed that the delivery method had no effect on the
other activities.

Tulman and Fawcet (1988), in their study, determined that functions were regained after
the postpartum sixth week, and that in general, women who gave vaginal birth were able to
recover faster than those who had a cesarean section. In a related study, Beji et al., (2003)
found that women who gave vaginal birth took on the infant responsibility earlier. Lastly, Sanli
and Oncel (2014) determined that women who gave vaginal birth regained their functional
status of infant care faster than those who had a caesarean section. In the present study, the
higher scores obtained by women in the area of household activities were associated with the
higher level of support received regarding housework in the postpartum period.

The present study, found that the number of children, planned or unplanned status of
pregnancy, and the provision of outside support for household activities and infant care did not
affect the functional status. Tulman et al., (1990) in their study, observed that the increased
number of pregnancies and births resulted in increased social-community activities and self-
care activities. The study by Sanli and Oncel (2014) determined that the number of children
affected the postpartum functional status of women in the postpartum sixth week and the
postpartum third month. Moreover, the same study found that with the increased number of
children, household activities, infant care and total functional status increased, while the
functional status regarding self-care decreased, with the difference being maintained in the
postpartum sixth month. To continue, in the studies by Apay and Pasinlioglu (2009) and Ozkan
and Sevil (2007), the women who had planned pregnancies were shown to have higher
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postpartum functional status. On the other hand, Sanli and Oncel (2014) found that the women
who had unplanned pregnancies had higher mean scores in the area of infant care in the
postpartum sixth week, in the area of household activities in the postpartum third month, and
in the area of self-care activities in the postpartum third and sixth months. In the present study,
the variable of planned/not planned pregnancy was shown to not affect the functional status of
women in the postpartum second and sixth month, a finding associated with the fact that all
the women who participated in the study had planned pregnancies.

Women who received support in their household activities have been shown to have less
domestic activities, lower total postpartum functional status and less infant care responsibilities
(Apay et al., 2009; Ozkan et al., 2007). In the study conducted by Mc Veigh (2000b), it was
determined that women who received social support in their postpartum sixth week, third
month, and sixth month had significantly higher household, social-community and self-care
activities. Ozkan and Sevil (2007), in their study, found that women who received support in
infant care had higher functional status regarding infant care. In the study conducted by Apay
and Pasinlioglu (2009), it was observed that women who received support in infant care had
lower functional status regarding household activities and infant care. Further, Sanli and Oncel
(2014), determined that women who received no support in infant care and household activities
returned to their functional status earlier. In the same study, it was reported that the lower
functional status of women who received support in infant care and household activities was
associated with the fact that routine work that had at once been done by them was now
undertaken by supporters. In contrast to the studies cited above, the present study found there
to be no difference in the women’ functional status in terms of having/not having support in
household activities and infant care. Considering the results of this study and the other studies
mentioned above, it was concluded that having/not having outside help in household activities
and infant care produces different effects on the women’ functional status.

Nurses and midwives have important functions in the transition process of parents to
their changing roles and in the development of healthy children. In Turkey, by identifying the
functional status of women and their partners after the birth and by determining the factors
affecting the functional status, women and their partners will have the opportunity to be given
full support and thereby be better adapted to the postpartum period. With that said, it is
important that nurses and midwives support parents throughout the pregnancy process,
including up to the completion of the transition to their new roles of mother and father, and
help them to make the changes necessary to prepare them for this new period of their life.
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Abstract: The aim of this study is to adapt the attitude scale towards asylum
seekers and refugees to Turkish culture and to examine the relation of university
students' attitudes towards asylum seekers to certain personality traits. The study
was conducted with the participation of 340 university students. The attitude
scales for both asylum seekers and refugees were adapted to Turkish culture and

validity and reliability studies were conducted in the study. Findings have KEYWORDS
shown that they provide the necessary conditions on both scales and can be used Refugee,

as a reliable and valid measuring tool in studies. In addition, students with a high Asylum Seeker,
level of compassion, empathy and understanding have been found to have a  Attitude Scale,
more positive attitude toward asylum seekers / refugees at a meaningful level. Sensitivity
Also, the students studying at the faculty of theology have more positive attitude £ h '
than the students studying at other faculties. However, the attitude towards mpathy, )
asylum seekers / refugees did not differ according to gender. Findings are ~ Understanding,
discussed in the light of the literature. Compassion

1. INTRODUCTION

Mankind has been forced to migrate from some place to another due to various reasons
since the first day of its life. Thus, migration is a question as old as the human history. The ones
who migrate to create a better future for themselves are called immigrants. Immigration may
take place in two different forms, i.e. willingly or forcedly. Forced migration refers to the
individuals’ abandonment of their countries temporarily, but forcedly, due to the threats aimed
at their safety, arising from the ongoing civil wars, ethnic, religious, or political oppressions in
their countries (Martin, 2002). The persons under such circumstances are given the status of
refugee or asylum-seeker (Aksu-Kargin, 2016).

Some countries are ranked at the top of the list of countries preferred the most by the
immigrants, thanks to their economic opportunities, state policies, and geographical locations.
Turkey has become a country immigrant population of which has been increasing rapidly in the
recent years (Unal, 2014). Especially due to the civil war erupted in Syria as of 2011, millions
of Syrians have taken shelter in Turkey. Various factors play a role in making such a choice.
Turkey has a critical position for Syrian refugees both as a passageway to Europe, and as an
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asylum (Kolukirik, 2014). In the meantime, Turkey’s adoption of the open-door policy since
the first days of the war in Syria (Aras-Gokalp & Menciitek, 2015), Syrians’ trust in Turkey,
and religious motives are also influential in this choice (Disaster and Emergency Management
Agency of T.R. Prime Ministry-AFAD, 2013).

Since the arrival of the first refugee convoy in Turkey as of 2011, it was estimated as of
2013 that, the number of the Syrians living in the camps reached 600,000, while the ones living
outside the camps were more than 400,000 (Dinger, Federici, Ferris, Karaca, Kiris¢i, &
Carmikli, 2013). While the the number of Syrians was announced as 2.749.140 as of 2016 (The
Office of the United Nations High Commissioner for Refugees-UNHCR, 2016), it was
estimated as 3.412.368 Syrian people as of December 2017 (Directorate-General of
Immigration Administration of T.R. Ministry of Internal Affairs, 2017).

Not restricting the Syrian asylum-seekers to living within a specific region, but allowing
them to take part in the daily life, Turkey has offered the Syrian asylum-seekers various
opportunities for their orientation. For instance, the ones who decide not to live in the tent cities
are provided with the right to reside at the downtowns of the cities. In addition, they are given
the permission to open up businesses, healthcare support, most importantly, the students are
given the opportunity to resume their education not only at universities, but also at the primary
and secondary educations (Y1ldiz, 2013). In order to resume their higher-education, the Syrian
students are at first provided with the opportunity to learn Turkish, and then to resume their
higher-education. It appears that the Syrian students seize this opportunity very well. In fact,
while there were only 455 Syrian students studying at the higher-education institutions in
Turkey as of 2010, the same figure has significantly risen up to 17967 only for those studying
at the state universities (out of the total of 20701) as of the academic year of 2017-2018 (YOK
(Higher-Education Institute), 2018).

Apart from the state’s receptive attitude, whether the native population is evenly receptive
is a critical factor for the psychological and social harmony of the refugees or asylum-seekers
who have left their countries and been trying to adapt to their new settlements. Just like in
elsewhere around the world, the asylum-seekers and refugees may encounter negative attitudes
and behaviors, such as social exclusion, discrimination, racism, xenophobia, alienation, also in
Turkey (Erdogan, 2015; Unal, 2014). In this respect, it is suggested that, such negative attitudes
of the native population against the asylum-seekers/refugees has a great potential of negatively
affecting the rehabilitation of the asylum-seekers.

It draws attention that, the first studies with regard to the attitudes towards the asylum-
seekers/refugees were performed in the countries being most frequently applied by the asylum-
seekers/refugees, such as Canada, Australia, USA, South Africa (Gordon, 2016; Nickerson &
Louis, 2008). It is emphasized in this study that, cognitive, affective, and behavioral factors
stand out predominantly among those influencing the society’s attitudes towards the refugees
(Croucamp, O’Connor, Pedersen, & Breen (2017). Economic reasons (Christophersen, Liu,
Thorleifsson, and Tiltnes, 2013; Ceobanu & Escandell, 2010), nationalism and misbeliefs
(Pederson, Attwell & Heveli, 2005), safety, social harmony, cultural threat, and social
dominance tendency (Nickerson & Louis, 2008) have been singled out the most in this respect
among the factors affecting the attitude towards refugees.

Personality has been suggested as a critical factor affecting the attitude towards refugees,
like individual’s belief system, socio-cultural and political tendencies. However, this factor
seems to have not been taken into consideration seriously in the research studies. In one of the
few number of studies performed in this regard, the traits of being agreeable and open to
experience have been singled out as a critical precursor of the positive attitude towards refugees
(Gallego & Pardos-Prado, 2014). Compassion, as being a trait, is also suggested to be among
the critical factors determining the attitude towards the refugees. Compassion signifies the state
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of emotion, thinking, and behavior, consisting of helping the others in overcoming their grief
and problems without judging them, and being aware of tenderness and sharing (Neff, 2003).
Compassion is a feature that enables us to understand the inner-world of the individual, and
drives us to support him/her (Demirci-Seyrek, Ersanlt & Tung, 2016). In view of the studies
performed respectively, a meaningful positive change has been observed in the attitudes and
behaviors of the school staff, having undergone a sensibility-based training program, towards
the children suffering trauma (Wilson, 2013). In the meantime, sensibility trainings seem to be
utilized in the arrangements intended for the refugee, hybrid, or trauma-victim children, and in
bringing up qualified persons and suitable environments intended for eliminating the increasing
degeneration in the society (Arnot, Pinson, & Candappa, 2009; Boyden, 2009). After all, it may
be suggested that the persons with higher levels of sensibility/compassion are to bear more
positive attitudes towards the persons under difficult situations, such as refugees or asylum-
seekers.

It has been foreseen that the increase in the number of refugee and asylum-seeker
population may have certain negative effect on both Turkish society and on the refugee and
asylum-seeker population (Unal, 2014). It is implied that Turkish society’s attitudes towards
Syrian asylum-seekers are not all that positive (Demir, 2016). It is emphasized that seeing the
asylum-seekers as an economic burden, causing disturbance in the social order and daily life
are the motives that create negative attitudes among a part of Turkish society, which is expanded
day by day (Yildiz, 2013).

It is deemed significant to support these opinions emphasized by the authors with
empirical research studies. However there is a limited number of studies performed on this
issue, and almost all of them seem to be qualitative studies attained by interviews made up of
open-ended questions (Ergin, 2016; Karakus & Goktuna-Yaylaci, 2015; Ozdemir & Oner-
Ozkan, 2016). Qualitative studies provide more in-depth knowledge in comparison to the
knowledge obtained by quantitative assessment instruments. However, it is in need of
performing more comprehensive research studies in order to bring light onto the question of
how and at which level both native population and the asylum-seekers themselves are affected
from the ever-increasing number of the refugees and asylum-seekers (Unal, 2014). Thus valid
and reliable assessment instruments are sought after in order to evaluate Turkish society’s
attitudes towards the asylum-seekers/refugees, and the relation of these attitudes with psycho-
social and personal factors. As a result of the literature search within the scope of the study, no
assessment instrument having undergone validity and reliability studies in Turkish culture was
found available in order to assess the society’s attitude towards refugees/asylum-seekers Lack
of a scale to assess the society’s attitude towards the asylum-seekers makes it difficult to
examine the relation of the other variants with the society’s attitude. It is hereby intended first
to have the assessment instruments, namely the “Illegal Aliens Scale”, developed by
Ommundsen & Larsen (1997), and the “Attitudes Towards Asylum Seekers Scale”, developed
by Pederson, Attwell & Heveli (2005), adapted to the Turkish culture, and undergo comparison
in terms of their psychometric features in order to assess the attitude towards asylum-
seekers/refugees. It is intended in the second part of the study to examine the relations between
attitude towards asylum-seekers, refugees and sensibility/compassion.

2. METHOD

This research has been made in accordance with the relational model of general screening
model. In addition, this study is a scale adaptation study using the basic survey model. Firstly,
two scales were adapted to Turkish culture and secondly, the relations among some personality
traits and attitudes to refugee and asylum seekers.
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2.1. Study Group

The study group of this study is composed of students at undergraduate level at a
university. The students were selected from 7 different faculties through appropriate sampling
method. The average age of participants ranging from 17 to 29 is 20.95. A total of 340
participants consisted of 101 male, 234 female and 5 ones not explained.

2.2. Instruments
2.2.1. Attitudes towards Refugees Scale

The original scale (lllegal Aliens Scale) was developed by Ommundsen and Larsen
(1997) to measure the attitudes towards illegal immigrants. At the first stage 80 statements
related to attitudes to illegal immigrants were written and these were applied to 75 university
students. After the item analysis, 30 items 14 positive and 16 negative statements remaindered
and their item-total correlation ranged from .59 to .76. In the second stage, a different university
student sample with 100 people was used. There was a significant correlation of .89 in the scale
split method. In the third stage, a similar sample of 115 university students was examined in
relation to similar scales. In this study, attitude scales for African-Americans and homosexuals
were used within the scope of concurrent validity. As a result of the analysis, there was a
significant correlation between the current scale and the African-American attitude .44 and the
homosexual attitude .60.

2.2.2. Attitudes towards Asylum-Seekers Scale:

The original scale (Attitudes Towards Asylum Seekers Scale) was developed by Pederson
et al. (2005) to measure the attitude of the public towards asylum seekers. During the
development phase of the scale, firstly people from different socio-economic status were
interviewed. Later, a yearly publication related to asylum-seeker of a journal was reviewed and
twenty-five scale items were written based on these reports. These items were sent to 20 people
for clarification and to improve the writing rules. This review resulted in an 18-item form
containing 9 negative and 9 positive statements

An exploratory factor analysis was performed to determine the factor structure of the
scale. At the end of the analysis, a three factor structure emerged which is higher than the value
of 1, which explains 66.9% variance. However, a single-factor structure has been accepted
because it has a one-factor structure in the screen plot graph. As a result, a one-factor structure
was acknowledged, which has Cronbach alpha reliability coefficient of .94 and item-total
correlation of .30 above.

2.2.3. Compassion Scale

The Compassion Scale was developed by Demirci-Seyrek, Ersanli and Tung (2016) with
the aim of measuring the sensitivity of adult individuals. The measuring tool was developed in
the sample of academic staff. In the development process of the scale, exploratory factor
analysis was performed and a four-dimensional, 15-item measurement tool was formed.
Dimension names are called mercy, empathy, understanding, and humanitarianism. Item-total
correlation and sub-over-group comparisons were examined within the context of item analysis.
Confirmatory factor analysis also found that the scale's structure was confirmed. In the
reliability analysis, Cronbach alpha values were .70 for the mercy factor, .65 for the empathy
factor, .62 for the understanding factor, .60 for the humanitarianism factor and .80 for the total
scale.

2.3. Data Collection and Analysis

In the first part of the works intended for the adaptation of the attitude towards asylum-
seekers scales, among the authors in charge of the assessment instruments, Knud Larsen was
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contacted for the Attitude towards Illegal Immigrants Scale, and Anne Pedersen was contacted
for the Attitude towards Asylum-Seekers Scale, thereupon the permits necessary for the
adaptation of them to the Turkish culture were obtained. Further required permits were obtained
from the Ethics Board of the related university with regard to the practicability and applicability
of the study.

Language validity of the assessment instruments was maintained upon the consensus of
five persons having command of both languages, and four of whom were to serve in the field
of psychological counseling. Two ones translated each item into Turkish independently. Later,
it was decided which translations were more appropriate for Turkish language and culture. For
validity and reliability of translated scale data were collected from 340 university students by
the researchers. Application permit was obtained from the lecturer of the course upon showing
him/her the ethics board report. Although being present in the classroom during the application,
the lecturers did not interfere in the application. Seeking for the voluntariness of the students
with regard to the application, they were further provided with the essential information on the
study by the researchers themselves. The applications lasted for an average of 15 minutes.

Data were selected from the students studying at seven different faculties of a state
university. Not only there are asylum-seekers living together with the native society, there is
also an asylum-seekers camp in the city where the university is domiciled. It was therefore
suggested that the students may be familiar with the asylum-seeker concept. Furthermore, the
participants were sought to have been residing in the city for no shorter than 1.5 years, so that
they had come by the asylum-seekers anyhow.

Before transferring the data attained by making use of assessment instruments to the
computer, two forms not suitable to the directive were excluded. Before starting the analysis of
the data, average values were used in place of missing data, normal distribution criteria were
reviewed, and the data were thereby made ready for the analyses. SPSS and AMOS programs
were used in data analysis.

Confirmatory factor analysis was performed for the construct validity of the assessment
instruments. Chi-Square fit test (x2), the ratio of the Chi-Square to the degree of freedom
(x2/sd), Comparative Fit Index (CFI), Normalized Fit Index (NFI), Incremental Fit Index (IF1),
Goodness of Fit Index (GFI), Adjusted Goodness of Fit Index (AGFI), Root Mean Square Error
of Approximation (RMSEA), and the fit indices thereof were examined in the evaluation of the
model’s construct. CFI, NFI, IFI GFI, and AGFI values being more than .90, and RMSEA value
being less than .05 are the tokens of good fit (Byrne, 2001).

3. FINDINGS
3.1. Validity Studies of Attitudes towards Refugees Scale

This subsection includes results of validity studies about Attitudes towards Refugees
Scale.

3.1.1. Translation study

In the studies of adaptation from another language, translation suitability is quite critical
for the proper understanding of the expressions in the language and culture to which the
adaptation is to be made. In the translation process, first of all, the items of the assessment
instruments were translated into Turkish by two persons independent of each other, who had a
command of both languages, and were serving in the field of psychological counseling. The
translations were subsequently reviewed by the researchers, and having the translations
considered as being more meaningful and to be understood more easily in the culture accepted
consensually, Turkish form of the assessment instruments were thereby created (see appendix
1).
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3.1.2. Construct validity

Confirmatory factor analysis was performed in order to ascertain whether the factor
structure of the unique form of the scale was similar in Turkish culture. Confirmatory factor
analysis is utilized in testing the hypotheses about the structures previously established on a
theoretical basis (Brown, 2006).

While KMO was reviewed in order to decide about the data’s suitability for the factor
analysis, Bartlett Test was reviewed in order to ascertain whether the correlation matrix was
actually a unit matrix. As a result of the analysis, KMO value was found as .93, and the Bartlertt
test was found as meaningful (p<.001). These values reveal that the sample is suitable for
undergoing factor analysis (Hair, Anderson, Tatham and Black, 2003).

Fit indices of the single-factor structure of the scale’s Turkish form were examined by
way of DFA analysis. In the first analysis, not only the fit indices were found as being
inadequate, but also the factor loads of some of the items were found as being quite low. That
is why the items 7, 12, 21, and 22 with item-factor loads lower than .30 (Martin & Newel, 2004)
were phased out of the analysis. Taking a look at the aforementioned items deleted, they were
found either as being not directly related with the asylum-seekers (item 7: Entering our country
is quite easy), or not setting an example for the conditions of the asylum-seekers living in
Turkey (item 21: Asylum seekers should not encounter discrimination). Confirmatory factor
analysis was repeated with the remaining 26 items, and data regarding DFA were shown in
Figure 1.
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Figure 1. Results of Confirmatory Factor Analysis of Attitudes to Refugees

Standardized estimates of the items are shown in Figure 1. As being seen in the figure,
standardized estimates vary between .39 and .76. These estimates are meaningful at the level
of p<0.05. The model fit (¥2=363.09, sd=271, p< .005, y2/sd=1.34) and the fit indices
(RMSEA=.03 NFI=.89 CFI=.97 IFI=.97 AGFI=.90 GFI=.92) of the single-factor scale
construct with 26 items were found to be at good level.
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3.1.3. Concurrent Validity

The attitude towards asylum-seekers scale having undergone adaptation in the current
study was utilized in examining the similar scale validity of the attitude towards refugees scale.
Pearson correlation coefficient between the two assessment instruments was sought after.
Meaningful relation of .84 was found between the two scales as an outcome of the analysis
(p<.001). Such a relation is deemed as being at a high level (Cohen, 1988).

3.1.4. Discriminant validity-Comparison of 27% Lower-Upper Group Averages

Attitude towards Refugees Scale was examined in terms of its adequacy in distinguishing
the persons as per the trait it assessed. This analysis allows researchers to establish the scale’s
ability to distinguish those who have a positive attitude towards the characteristic that is being
measured from those who have a negative attitude towards the same (Erkus, 2005). In this
context, averages of lower 27% (91 participants) and upper 27% groups were compared as per
each item and total score of the scale. t-test analysis was performed for ascertaining whether
there was a meaningful difference between these groups (Table 1). As a result of the analysis,
a meaningful relation was found between the lower and upper group averages both as per each
item and total score of the scale [t(180)=-42.662, p<.001]. Although there is a meaningful
relation between the lower and upper group averages, it is recommended to have the effect size
calculated in order to ascertain whether the same relation is significant in theory and practice
(Huck, 2008). The effect size of the study was calculated by n2 as .91. This value is considered
to be a major effect (Cohen, 1988).

3.2. Reliability Studies of Attitudes towards Refugees Scale

This subsection includes results of reliability studies about Attitudes towards Refugees
Scale.

3.2.1. Internal Consistency Coefficient

Internal consistency reliability analyses were examined at first in the context of the
reliability of the assessment instrument. Having the internal consistency of the assessment
instrument calculated by means of Cronbach Alfa coefficient, it was found as .92. This value
indicates that the internal consistency of this value assessment instrument is quite high (Pallant,
2005).

Corrected item-total correlation was examined in order to determine the level of the
relation between the items of the scale. Since the item being examined was excluded from the
remaining of the scale in this examination, the corrected item-total correlation was preferred.
The correlation values seem to vary between .36 and .71 as a result of the analysis (Table 1). It
is asserted that these values are to be higher than .30 in order to be accepted (Erdogan, Nahcivan
& Nihal, 2014).
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Table 1. T test results of comparison of 27% group, Cronbach alpha, item-total correlation, and test-
retest values of Attitudes towards Refugees Scale

Item No  t value for 27% groups Cronbach a Item-total correlation Test-retest correlation
sl -17.268** .92 .62 .31*
s2 -12.749** .92 .57 A46**
s3 -13.003** .92 .54 H7**
s4 -8.988** .92 42 55**
s5 -12.873** .92 .54 70**
s6 -11.321** .92 .52 53**
s8 -12.249** .92 .54 A49**
s9 -7.529** .92 40 A49**
s10 -8.474** .92 44 69**
s11 -7.753** .92 .39 59**
s13 -7.545%* .92 .38 A41**
s14 -15.006** .92 .62 76%**
s15 -8.379** .92 .37 50**
s16 -10.311** .92 40 52**
s17 -12.772** .92 .53 B65**
s18 -11.414** .92 .50 B67**
s19 -13.432** .92 .56 70**
s20 -16.267** .92 .62 .62**
523 -22.140** 91 71 53**
s24 -7.723%* .92 .36 .32*
s25 -16.908** 91 .67 .80**
s26 -17.923** 91 .69 56%*
s27 -11.120** .92 .48 AT**
s28 -13.763** .92 .60 .36*
529 -21.698** 91 .69 63**
s30 -15.173** .92 .61 55**
Total -42.662** .92 - B7**

3.2.2. Test-retest reliability

Test-retest analysis was performed in order to ascertain the temporary stability of the
assessment instrument, or whether the constant scores remained constant during the transition
from one condition to another (Burns & Grove, 2003). In this context, the assessment
instrument was applied to 41 university students twice in three weeks of interval. The relation
between the two assessments was examined by way of Pearson Correlation analysis.
Meaningful relation of .67 was found between the two assessments as an outcome of the
analysis (p<.001). Such a relation is deemed as being at a high level (Cohen, 1988).

3.3. Validity Studies of Attitudes towards Asylum-Seekers Scale

This subsection includes results of validity studies about Attitudes towards Asylum-
Seekers Scale.

3.3.1. Translation study

In the studies of adaptation from another language, translation suitability is quite critical
for the proper understanding of the expressions in the language and culture to which the
adaptation is to be made. In the translation process, first of all, the items of the assessment
instruments were translated into Turkish by two persons independent of each other, who had a
command of both languages, and were serving in the field of psychological counseling. The
translations were subsequently reviewed by the researchers, and having the translations
considered as being more meaningful and to be understood more easily in the culture accepted
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consensually, Turkish form of the assessment instruments were thereby created (see appendix
2).

3.3.2. Construct validity

Confirmatory factor analysis: Confirmatory factor analysis was performed in order to
ascertain whether the factor structure of the unique form of the scale was confirmed in Turkish
culture. Confirmatory factor analysis is utilized in testing the hypotheses about the structures
previously established on a theoretical basis (Brown, 2006).

While KMO was reviewed in order to decide about the data’s suitability for the factor
analysis, Bartlett Test was reviewed in order to ascertain whether the correlation matrix was
actually a unit matrix. As a result of the analysis, KMO value was found as 0.85, and the
Bartlertt test was found as meaningful (p<.001). These values reveal that the sample is suitable
for undergoing factor analysis (Hair, Anderson, Tatham and Black, 2003).

Fit indices of the single-factor structure of the scale’s Turkish form was examined by way
of DFA analysis. In the first analysis of the adaptation study, not only the fit indices were found
as being inadequate, but also the factor loads of some of the items were found as being quite
low. That is why the items 3, 4, 7, 9, 12, 14, and 15 with item-factor loads lower than .30
(Martin & Newel, 2004) were phased out of the analysis. Taking a look at them, there are items
that do not fit to the situation of the shelter-seekers in Turkey (item 7: Asylum-seekers are
rightful to go on hunger strike to draw attention to their conditions). Confirmatory factor
analysis was repeated with the remaining 11 items, and data regarding DFA were shown in
Figure 2.

asyhim-seekers scale

Figure 2. Results of Confirmatory Factor Analysis of Attitudes to Asylum-Seekers

Standardized estimates of the items are shown in Figure 2. As being seen in the figure,
standardized estimates vary between 0.42 and 0.69. These estimates are meaningful at the level
of p<0.05. The model fit (¥2=64.68, sd=38, p< .005, y2/sd=1.70) and the fit indices
(RMSEA=.04 NFI=.94 CFI=97 IFI=.97 AGFI=.94 GFI=.96) of the single-factor scale
construct with 11 items were found to be at good level.
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3.3.3. Concurrent validity

The attitude towards refugees scale having undergone adaptation to Turkish culture in the
current study was utilized in examining the similar scale validity of the attitude towards asylum-
seekers scale. Pearson correlation coefficient was sought after between the two assessment
instruments. Meaningful relation of .84 was found between the two scales as an outcome of the
analysis (p<.001). Such a relation is deemed as being at a high level (Cohen, 1988).

3.3.4. Discriminant validity-Comparison of 27% Lower-Upper Group Averages

The Attitude towards Asylum-Seekers Scale was examined as per its ability to distinguish
those who have a positive attitude towards the trait that is being measured from those who have
a negative attitude towards the same (Erkus, 2005). In this context, averages of lower 27% and
upper 27% groups were compared as per each item and total score of the scale (Table 2).
Unpaired t-test analysis was performed for ascertaining whether there was a meaningful
difference between these groups. As a result of the analysis, a meaningful relation was found
between the lower and upper group averages both as per each item and total score of the scale
[t(180)=-39.073, p<.001]. Although there is a meaningful relation between the lower and upper
group averages, it is recommended to have the effect size calculated in order to ascertain
whether the same relation is significant in theory and practice (Huck, 2008). By means of et
square (n2) the effect size was calculated for this study, and found as .89. This value is deemed
as being a strong effect (Cohen, 1988).

3.4. Reliability Studies of Attitudes towards Asylum-Seekers Scale

This subsection includes results of reliability studies about Attitudes towards Refugees
Scale.

3.4.1. Internal consistency coefficient

Internal consistency reliability analyses were examined at first in the context of the
reliability of the assessment instrument. Having the internal consistency of the assessment
instrument calculated by means of Cronbach Alfa coefficient, it was found as 0.85. This value
indicates that, the internal consistency of this value assessment instrument is quite high (Pallant,
2005). Each and every item was further examined as per its relation with the total reliability of
the scale. In this examination, it was found that, deletion of any one of the scale’s items was
not to change the scale’s total reliability significantly (Table 2). It has been suggested that
researchers should not make changes in the scale if excluding the item does not lead to major
changes in Cronbach’s alpha coefficient (Cortina, 1993).

Item-total correlation was examined in order to determine the level of the relation between
the items of the scale. While the item being examined was excluded from the remaining of the
scale in this examination, therefore the corrected item-total correlation was preferred. The
correlation values seem to vary between 0.41 and 0.62 as a result of the analysis (Table 2). It is
asserted that, these values are to be higher than .30 in order to be accepted (Erdogan, Nahcivan,
& Nihal, 2014).

3.4.2. Test-retest reliability

Test—retest reliability is an important analysis as it shows the extent to which the
responses to the items in the scale may change over time (Burns & Grove, 2003). In this context,
the assessment instrument was applied to 36 university students twice in three weeks of interval.
The relation between the two assessments was examined by way of Pearson Correlation
analysis. Meaningful relation of .52 was found between the two assessments as an outcome of
the analysis (p<0.01). Such a relation is deemed as being at a medium level (Cohen, 1988).
Temporary stability of each item was further examined. As a result of this examination, all but
one (g6) of the items was found to possess stability valid for the assessments (Table 2).
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Table 2. Cronbach alpha, item-total correlation and test-retest values of Attitudes towards Asylum-

Seekers
Item No ;;ﬁ:‘: for 27% Cronbach o Item-total correlation Test-retest correlation
gl -18.166** .83 .60 .69**
g2 -10.968** .84 47 51**
g5 -18.797** .83 .61 42*
g6 -9.299** .84 42 32
g8 -13.331** .84 .50 .39%
gl0 -13.995** .83 .55 45%*
gll -12.597** .84 .49 .63**
g13 -15.849** .83 .62 S57**
gl6 -14.943** .83 .59 A42*
gl7 -14.614** .83 .55 .83**
gl8 -10.875** .84 A1 .60**
Total -39.073** .85 - 52%*

3.5. The Relations of Attitudes towards Refugee and Asylum-Seekers with Some Variables

This part includes results of some demographic variables and the relations of them with
attitudes to refugees and asylum-seeker. Firstly, the participants’ attitudes towards asylum-
seekers and refugees were examined as per their genders, and outcomes attained therefrom were
shown in Table 3.

Table 3. T-test results of comparisons of attitudes towards refugees and asylum-seekers in terms of

gender
Group n Mean Sd df t p
Refugee Male 100 87.75 21.62 332 -697 48
Female 234 89.47 2021
Asylum- Male 100 36.49 9.87 332 120 .90
seeker Female 234 3636 8.82

As being seen in Table 3, university students’ attitudes towards asylum-seekers and
refugees do not reveal a meaningful variation as per their genders (p>.05).

Relation of the participants’ attitudes towards asylum-seekers and refugees with various
variants were examined. The relation between the compassion personality scale of the attitude
scales in this direction and the sub-dimensions thereof is shown in Table 4.

Table 4. The results of correlations among attitudes towards refugees, asylum-seekers and compassion

. Asylum- Compassion Compassion .

Variables seeker Refugee (total) (subscale) Empathy Understanding M Ss

Asylum-seeker - 6.35 9.18
Refugee 86** - 8.87 20.78
Compassion 17 1T - 3.93 7.32
-Mercy -12* -13* 78** - 241 2.66
-Empathy -18**  -16**  72** 39** - 155 261
-Understanding  -10 -13* 75** 53** 41** - 7.08 234
-Humanitarian ~ -08 -06 63** 30** 26** 25** 290 254
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As seen in Table 4, a very highly meaningful relation at the level of .86 was found
between the attitude towards asylum-seekers and the attitude towards refugees (p<.01). While
the attitude towards asylum-seekers scale displayed meaningful relation of -.17 with
compassion trait, of -.12 with mercy sub and -.18 with empathy, that are among the sub-
dimensions of compassion (p<.05), it displayed no meaningful relation with understanding and
humanitarian features (p>.05).

While the attitude towards refugees scale displayed meaningful relation of -.17 with
compassion trait, of -0.13 with mercy, -0.16 with empathy and -0.13 with understanding that
are among the sub-dimensions of compassion (p<.05), it displayed no meaningful relation with
humanitarian features (p>.05).

Whether the university students’ attitudes towards refugees varied as per the faculties
they were studying at was analyzed via ANOVA, and the results thereof are shown in Table 5.

Table 5. Anova results of comparisons of attitudes towards refugees in terms of study departments

Source Sum of Squares df Mean Square F p=<
Between Groups  19436.821 6 3239.470 8.499 .001
Within Groups 126545.056 332 381.160

Total 145981.876 338

As being seen in Table 5, the participants’ attitudes towards refugees vary as per the
faculties they study at (p<.05). Scheffe among the post-hoc tests of ANOVA was utilized in
order to ascertain the source of this variation. Scheffe Test is known to be the firmest test so as
to avoid 1st Type error (Huck, 2000). Findings regarding Scheffe Test are shown in Table 6.

Table 6. Post-hoc (scheffe) results of comparisons of attitudes towards refugees in terms of study

departments
1 2 3 4 5 6
1.Education
2.Economics& administrative sciences .32
3.Theology 20,77  20.45*
4.Science&L etters 4.08 3.76 -16.68*
5.Health sciences -11.29  -11.61  -32.06* -15.38
6.Engineering -4.71 -5.03 -25.48*  -8.79 6.58
7.Agriculture 4.86 4.55 -15.90* .78 16.16  9.58

As being seen in Table 6, a meaningful difference was found (p<.05) between the
theology faculty students’ attitudes towards immigrants and those of the students from other
faculties. This difference is to the favor of the theology faculty students. In other words, the
theology faculty students’ attitudes towards refugees are meaningfully more positive than those
of the students from other faculties. No significant difference was found among the students
from other faculties.

Whether the university students’ attitudes towards asylum-seekers varied as per the
faculties they were studying at was analyzed via ANOVA, and the results thereof are shown in
Table 7.
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Table 7. Anova results of comparisons of attitudes towards asylum-seekers in terms of study

departments
Source Sum of Squares df Mean Square F p<
Between Groups  3898.925 6 649.821 8.763 .001
Within Groups 24619.477 332 74.155
Total 28518.402 338

As being seen in Table 7, the participants’ attitudes towards asylum seekers vary as per
the faculties they study at (p<.05). Scheffe among the post-hoc tests of ANOVA was utilized
in order to ascertain the source of this variation. Findings regarding Scheffe Test are shown in
Table 8.

Table 8. Post-hoc (scheffe) results of comparisons of attitudes towards asylum-seekers in terms of study

departments
1 2 3 4 5 6

1. Education
2. Economics& administrative sciences  2.05
3. Theology 10.31*  8,264*
4. Science&L etters 3.33 1,284  -6,980*
5. Health sciences -2.17 -4.230 -12,494* -5514
6. Engineering -.97 -3,032 -11,296* -4,315 1,198
7. Agriculture 2.86” ,806 -7,458* -,478 5,036 3,838

As being seen in Table 8, a meaningful difference was found (p<.05) between the
theology faculty students’ attitudes towards asylum-seekers and those of the students from other
faculties. This difference is to the favor of the theology faculty students. In other words, the
theology faculty students’ attitudes towards asylum-seekers are meaningfully more positive
than those of the students from other faculties. No significant difference was found among the
students from other faculties.

4. DISCUSSION AND CONCLUSION

Reviewing the findings of the research from a holistic point of view, it may be said that
the Turkish form of both the attitude towards asylum-seekers scale and the attitude towards
refugees scale is valid, and possesses a reliable structure.

Structural validity of the attitude towards refugees scale has not been verified just as in
the original scale. Since some of the items thereof do not suit to their situation, these items may
therefore have not made sense to the refugees in our country. Furthermore, it seems difficult to
discern whether some of the items are related directly with the refugees. That is why the
analyses were resumed after deleting four items from the original scale, and the structural
validity was thereby maintained. The data attained with regard to the reliability of the scale
show that, the assessment instrument has performed a reliable assessment. In fact both the
internal consistency coefficient and the data attained from the test-retest method show that, the
conditions required for reliable assessment have been maintained. After all, a one-dimensional,
26-item attitude towards refugees scale with proven validity and reliability, and rendering 34%
of variance, has been brought in Turkish culture.

Structural validity of the attitude towards asylum-seekers scale has also not been verified
as in the original scale. Since seven items were found to be not setting an example for the
conditions of the asylum-seekers living in Turkey, and not being sufficiently related with the
whole of the scale, they were deleted from the assessment instrument. After that structural



Yelpaze & Giiler

validity of the scale could have been verified in its new form. The scale has been found to be
not only maintaining distinctive validity, but also possessing sufficient internal consistency
coefficient, and remaining at a sufficient level in terms of test-retest score. After all, a one-
dimensional, 11-item attitude towards asylum-seekers scale with proven validity and reliability,
and rendering 40% of variance, which may be utilized for the assessment of the attitude towards
asylum-seekers, has been brought in Turkish culture.

Considering the fact that, the difference between refugee and asylum-seeker has not been
well-discerned in Turkish society, both two assessment instruments have been adapted to
Turkish culture. In fact, reviewing the studies performed in Turkey, it may be seen that, the
concepts of Syrian asylum-seeker (Kardes, Banko and Akman, 2017; Topkaya & Akdag, 2016),
and Syrian refugee (Doganay & Coban-Kenes, 2016; Kagnici, 2017) have been used to identify
the same group. Meanwhile, the high correlation (.86) between the instruments assessing the
attitude towards refugees and those assessing the attitude towards the asylum-seekers in the
current study may also be interpreted as a sign of the students’ unawareness of the difference
between the two concepts. After all, as long as they are valid and with proven reliability, the
attitude towards refugees/asylum-seekers scales may be utilized interchangeably. However, the
attitude towards asylum-seekers scale may be deemed as being more useful thanks to the lesser
number of its items, and for having rendered greater variance.

As the second objective of the study, the relation of the students’ attitudes towards the
asylum-seekers with certain variants has been examined. It has been found that the students’
attitudes towards refugees and asylum-seekers do not change as per their genders. Similarly, no
significant factor was found between the gender and the attitude towards asylum-seekers in the
study performed by Kanbur (2017) among teachers, and in the study performed by Anderson
(2017) among university students as well. On the other hand, there is an empirical research
(Karaoglu, 2015), and a meta-analysis study (Anderson & Ferguson, 2017), both having shown
the fact that males possess significantly more negative attitude than that of the females.
Reviewing the research findings from a holistic point of view, the relation of gender with the
attitude towards asylum-seekers varies. It may be deemed necessary to perform more
comprehensive studies, by way of including different variants in the research studies to be
performed respectively in order to ascertain the source of this variation.

It has been found that the students’ attitudes towards the refugees and asylum-seekers are
related with sensibility, traits, and the elements of compassion, empathy, and understanding
that compose such traits. Despite the fact that the higher are the traits they possess, the more
positive the attitudes they display towards refugees and asylum-seekers become, no significant
relation has been found between human traits and the attitudes towards asylum-seekers.

Sensibility signifies the state of emotion, thinking, and behavior, consisting of helping
the others in overcoming their grief and problems without judging them, and being aware of
tenderness and shares (Neff, 2003). Sensibility is a feature that enables us to understand the
inner-world of the individual, and drives us to support him/her (Demirci-Seyrek, Ersanli, and
Tung, 2016). In view of the studies having been performed respectively, a meaningful positive
change has been observed in the attitudes and behaviors of the school staff, having undergone
a sensibility-based training program, towards the children suffering trauma (Wilson, 2013).In
another study it was found the lower the individuals’ empathy skills, the higher their threat
perceptions and prejudices regarding the refugees (Karaoglu, 2015). Contemplating on the
findings of the current study in conjunction with the outcomes attained from the previous
studies, it may be said that the ones possessing higher sensibility trait are the ones also
possessing higher empathic skills, and those who approach people in difficult situations
affectionately. In this respect, it is a highly anticipated outcome that, the persons with higher
sensibility traits are to bear positive attitudes towards the asylum-seekers trying to live in
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Turkey under difficult situations and severe traumas. After all, it may be suggested that the
persons with higher levels of sensibility are to bear more positive attitudes towards the persons
being under difficult situations.

It has been examined whether the university students’ attitudes towards refugees and
asylum-seekers vary as per the faculties they study at. Students from seven faculties were
compared with this intent, and students from the faculty of theology were found as having
adopted the sought attitude being meaningfully more positive than the students from other
faculties. However, no significant difference was found respectively among other faculties.
This outcome suggests the existence of a relation between religious attitude or devotion and the
attitude towards asylum-seekers. In fact, it has been reported from several studies that, the ones
with higher religious devotion bear more negative attitude towards asylum-seekers (Anderon
& Ferguson 2017; Perry, Paradies & Pedersen, 2014). This situation is referred to the religion’s
feature of being a determining factor in numerous prejudices (Shariff, Willard, Andersen, &
Norenzayan, 2016). However, it is seen that the study group in the previous studies were
composed of Christians persons being. In view of the fact that the refugees are mostly devouts
of other religions, a cultural conflict may be in question. In the current study, for both the
participants and the refugees are the devout of the same religion, a cultural sensitivity may come
to the fore from the point of view of the theology faculty students.

Despite the significant contributions having been brought in the field by this research, it
also has certain limitations. First of all, after the deletion of the items from the assessment
instrument, the findings attained from the same sample were dealt with. Having not performed
a reconfirmation process in a different sample is a limitation of the study. On the other hand,
having not approached a different sample in order to examine the relation of the demographic
features and levels of sensibility of the participants with their attitudes towards asylum-seekers
is also considered as a limitation.

In conclusion, taking the findings attained from the study into consideration, a number of
suggestions may be made for both the researchers and the practitioners. First of all, two
assessment instruments with proven validity and reliability may be utilized for the purpose of
assessing the attitudes towards the asylum-seekers and refugees. On the other hand, these
assessment instruments may be retested in samples with different demographic features.
Furthermore, different variants that may be related with the individuals’ attitudes towards
asylum-seekers may also be uncovered. Practitioners, too, may organize trainings on the
development of the individuals’ sensibility characteristics which are critical for both the
asylum-seekers’ adaptation to our country, and for the society’s recognition of their presence.
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Appendix-1: Attitudes towards Refugees Scale

1= Hig katilmiyorum, 2= Cok az katiliyorum , 3= Kismen katiliyorum, 4= Cogunlukla katiliyorum 5= Tamamen katliyorum

Miiltecilere Yonelik Tutum Olgegi

1 Siginmacilar benim verdigim vergiden faydalanamamalidir. 1 2 3 4 5
2 Bizim vergilerimiz tlkemizde bulunan siginmacilar igin kullanilabilmelidir. 1 2 3 4 5
3 Ulkemizde herkese yetecek yeterince yer var. 1 2 3 4 5
4 Siginmacilar tilkemizin kaynaklarini kétlye kullanmiyorlar. 1 2 3 4 5
5 Siginmacilar toplumumuza sikinti vermektedir. 1 2 3 4 5
6 Ulkemizin sinirlari uluslararasi tim siginmacilara acik olmalidir. 1 2 3 4 5
7 Siginmacilar gida yardimi alabilmelidir. 1 2 3 4 5
8 Ulkemizde dogum yapan siginmacilar iilke vatandashgina alinmalidir. 1 2 3 4 5
9 Ulkemiz tiim siyasi siginmacilari kabul etmelidir. 1 2 3 4 5
10 Siginmacilarin ilkemize her yil milyonlarca dolar maliyeti olmaktadir. 1 2 3 4 5
11 Siginmacilar tlkemize 6nemli 6l¢lide insan kaynagi saglamaktadirlar. 1 2 3 4 5
12 Devletimizi siginmacilara lcretsiz olarak egitim, bakim, saglk hizmeti sunmalidir. 1 2 3 4 5
13 Siginmacilar yaziinden tlkemizin niifusu asiri derecede artmaktadir. 1 2 3 4 5
14 Siginmacilar bu llkenin vatandaslariyla ayni haklara sahip olmamalidir. 1 2 3 4 5
15 Siginmacilarin da haklari var. 1 2 3 4 5
16 Baska ulkelerin vatandaslarina yardim etmek bizim tlkemizin sorumlulugunda degildir. 1 2 3 4 5
17 Siginmacilarin bu Glkenin vatandaslariyla ayni haklara sahip olmaya haklari vardir. 1 2 3 4 5
18 Miulteciler kendi lilkelerine donmeye zorlanmalidir. 1 2 3 4 5
19 Benim vergim miiltecileri desteklemek icin kullanilmamalidir. 1 2 3 4 5
20 Ulkemizde yasayan herkese esit firsatlar sunulmalidir. 1 2 3 4 5
21 Siginmacilar blylyen bir soruna dénismektedir. 1 2 3 4 5
22 Siginmacilar tilkemizin disinda tutmak igin, sinirlarimizdaki gtivenlik artiriimalidir. 1 2 3 4 5
23 Kendi evimizi nasil koruyorsak, tilkemizi de siginmacilardan korumalyiz. 1 2 3 4 5
24 Siginmacilarin tlkemizi kendi sorunlarina bir siginak olarak gérmelerini istemiyorum. 1 2 3 4 5
25 Siginmacilar toplumun yozlasmasina neden olmaktadir. 1 2 3 4 5
26 Siginmacilar kanunlari ihlal ediyorlar. 1 2 3 4 5

Ters kodlanan maddeler: 2,3,4,6,7,8,9,11,12,15,17,20

Puanin yuksekligi olumsuz tutuma isaret etmektedir.
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Appendix-2: Attitudes towards Asylum-Seekers Scale

Siginmacilara Yonelik Tutum Olgegi

Siginmacilar, gesitli eylemlerde bulunarak devletimize istediklerini yaptiriyorlar.

Siginmacilar tilkemizde uzun sire kalmak istiyorlarsa bu hak onlara verilmelidir.

Siginmacilar, tlkemizde gesitli eylemler yaparak nankor davraniyorlar.

Siginmacilarin iginde bulunduklari duruma Gzuliyorum.

V| AW N =

Devletin siginmacilara yonelik politikasini dogru buluyorum.

NI NINIDNIDN

Wl Wl wl w| w

e N

ool v wv

Siginmacilar, kendine zarar verme gibi davranislara basvurarak insanlari
ndirmaya calisiyorlar.

[EEY

N

w

I

v

Siginmacilar, toplumumuza uyum saglamak icin ¢gaba harcamiyorlar

Siginmacilar mesru miltecidir ve onlar hosgori ile karsilanmalari gerekir.

Siginmacilar toplumda nefret uyandiriyor.

10 Eger siginmacilar Glkemizde mutlu degilse, kendi tlkelerine génderilsin.

11 Siginmacilarin, kamplar yerine toplumun iginde olmalari daha iyi olur.

R R R R R
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Ters kodlanan maddeler: 2,4,5,8,11
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Abstract: The aim of the study is to determine the opinions of teachers and ARTICLE HISTORY
students in a Vocational High School about performance tasks. This study was Received: 04 January 2018
carried out with 17 vocational high school students and 13 teachers. This study ) ’ )
was conducted through qualitative research design by analyzing the records of ~ Revised: 23 April 2018
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The data were analyzed through content analysis. The first codes were
generated for each question and the collected data were arranged in an inducible KEYWORDS
approach by determining appropriate themes for these codes. All the codes and

themes were checked by second researchers. Moreover, the consistency in Performance task,
coding was determined. In addition to the interviews, observations and
document analysis were performed. The results of this study demonstrate that
both the students and the teachers do not have sufficient knowledge about what
the performance task is and how it is carried out. Therefore, the performance o
tasks carried out do not reach their goals. Performance tasks should measure Students’ opinions
higher order thinking, and they should be related to real life situations. The

results of the study show that performance tasks do not demonstrate these

features. In addition, students should have knowledge and understanding of the

subjects in order to complete their performance tasks. On the other hand, they

are supposed to perform a performance task about a subject which they mostly

do not understand or they do not know. This may be the reason why

performance task does not reach its goal.
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1. INTRODUCTION

One of the aims of classroom assessment is to improve the quality of teaching activities.
The change in primary education programs enabled the addition of new and different
assessment approaches such as performance task, project, portfolio, etc. to the traditional
assessment and evaluation techniques. In 2013-2014 academic year, the Ministry of National
Education renewed the programs in secondary education, and the competent authority also
introduced the performance task as a compulsory activity in secondary education. When
teachers assess the students in order to determine their achievement level, there is a decision-
making orientation based on more comprehensive and multi-source knowledge within a
student-centered approach to education. In this orientation method students should not be
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evaluated through a couple of exams in terms of their success status and teachers should not
make a decision about students’ success by means of one-type of evaluation (Berberoglu, 2006).

The researchers suggest the use of alternative measurement and evaluation approaches
which enable students to demonstrate their differences and skills, critical thinking, creativity,
and higher order thinking skills, to put their information into practice in real life, to construct
their new knowledge by using the old ones and to establish a connection among them (Kan,
2007). Ignoring the alternative assessment procedures when measuring the student’s
achievement also leads students to acquire one-way work habits, and predominantly being one-
sided of their learning (Berberoglu, 2006). For this reason, the researchers have started to focus
on new approaches enabling to find out the characteristics of the students such as knowledge,
skill, motivation, interest, attitudes, and to recognize these characteristics. One of these
approaches is the performance-based assessment.

Performance is the vigorous effort of the students in the process of producing a product
by using the knowledge and skills they acquire (Kutlu, Dogan & Karakaya, 2014). The
performance-based assessment measures the knowledge and the skills students have. The
Ministry of National Education (MoNE) has obliged the use of performance tasks at high
schools pursuant to a circular issued in 2013. In the same circular, the ministry defined the
performance tasks as the activities of groups or individual students who shared their experiences
based on the research by using the skills of critical thinking, creativity, problem-solving and
reading comprehension. In addition, these tasks should be conducted under the supervision of
teachers.

Students are expected to think critically and to solve complex problems during the
performance-based assessment process (Wright, 2008). At the same time, students should use
their knowledge and skills in a situation that is linked to daily life (Basol, 2010). For an
evaluation process which is based on performance, the observable performance of the product
should include higher order thinking process, social skills and study process, interdisciplinary
transition and exchange of information (Berberoglu, 2007). Performance-based assessments
are linked to real life situations (Neukrung & Fawcett, 2010), and they give students the
opportunity to demonsrate their own knowledge in real life situations (Russel & Aurasian,
2012). Performance-based assessments should have a clear purpose, identify observable
performances or product, provide appropriate setting for assessing the performance and provide
scores for performance (Russel & Aurasian, 2012).

Performance tasks are a type of assessment that is critical for the determination of
students' real life skills. However, it requires both students and teachers to get out of their usual
learning and assessment patterns. For this reason, many studies have been carried out in order
to determine the views of students and teachers on performance task. Some of the studies on
this subject were summarized below.

Teachers stated that projects and performance tasks were useful but evaluating them was
time comsuming (Glivey, 2009). Similar to these results, Daghan and Akkoyunlu (2005) found
out that if performance-based assessment was used effectively, it contributed to the lessons.
However, these tasks are not preferred because of time constraints and difficulty in using these
methods. Teachers say that they give performance tasks to their students since the tasks make
them bring together the topics taught in everyday life, direct them to individual work and
research, and help them to make self-assessments. Most of the teachers taking part in the study
also agree that performance tasks are useful (Dogan-Temur, Baymdir & Inan, 2010). In the
research conducted by Duruhan & Cavus (2013), teachers say that performance tasks reinforce
the students’ learning, encourage the collaboration and socialization among the students, direct
the students to research, and develop creative thinking and sense of responsibility. But they also
say most of the tasks do no reach their specific goals. Another research which was conducted



Int. J. Asst. Tools in Educ., Vol. 5, No. 3, (2018) pp. 544-566

with the teachers reveals that performance tasks make students think critically and ensure more
permanent learning for them. Teachers also give feedback and make guidance to students while
preparing performance tasks. In addition, they consider their students’ needs, interests and
requests while determining the subjects (Yilmaz & Benli, 2011). Another research conducted
by Birgin and Baki (2012) shows that teachers have difficulties in implementing alternative
assessment methods in classrooms, and that they have lack of knowledge about them. On the
other hand, other researchers state that teachers prefer performance tasks more commonly than
other alternative methods and that they think they are more proficient at perfomance tasks
(Duran, Mihladiz & Balliel, 2013). In addition, these teachers say that they use performance
tasks to support students’ learning, and that they give the tasks to their students due to
compelling reasons (Kaya, Karagam, Es & Tuncel, 2013). According to the results of the study
performed by Ciftci (2010), the teachers state that performance tasks have positive effects such
as developing creative thinking and sense of responsibility and that it contributes to classes
when it is used effectively.

In addition to these statements about performance task, teachers express the problems
encountered in the system such as negative attitudes of parents and their lack of interest (Ciftci,
2010; Yilmaz & Benli 2011), time constraint (Daghan & Akkoyunlu, 2005; Giivey, 2009;
Yilmaz & Benli 2011), lack of equipment and crowded classes (Ciftci 2010) and high costs
(Y1lmaz & Benli, 2011). Another point that teachers complain about is that the students copy
the tasks from the internet (Ciftgi, 2010; Y1lmaz & Benli, 2011) or that the tasks are performed
by the parents (Y1lmaz & Benli, 2011). Insufficient physical facilities of schools and classrooms
are also considered as a problem while using alternative assessement methods in classes (Yigit
& Kirimli, 2014).

In the studies conducted on students about performance tasks, it has been found out that
the tasks contribute to the development of students’ numerous skills such as establishing
connection between the knowledge and real life and communicating and doing research, that
the students can associate the mathematics with the daily practices, that they improve their
communication skills with their friends and environment, that the performance task enables
students to do self-criticism, that the tasks reveal the real achievements of the students more
efficiently, and that the performances allow the students to be aware of their deficiencies by
making positive contribution to their learning (Bal, 2012; Cetin & Cakan, 2012). In those
studies, students have talked about some negative aspects of the performance tasks such as
time-consuming, exhausting and stressful nature of the preparation process, the difficulties
encountered while drawing a picture in comparison with the task of writing a document, and
limited access to the resources to be used for the tasks. (Bal, 2012; Karacam, 2013). The
students who watch TV less frequently, and who benefit from the books as resources instead of
internet have higher scores in performance tasks (Hastiirk & Ozkan, 2015). Akay and
Kiictikkaragdz (2016) stated that there was a positive, high and significant correlation between
performance task scores and mathematical achievement scores and that there was also a positive
and significant and moderate correlation between performance tasks and attitudes towards
matmetamics. Therefore, they conclude that performance tasks increase the students’
achievements.

Sayhan (2017) conducted a study in order to determine the opinions of high school
students about performance tasks, and she found out that the students preferred doing
performance tasks because they could do them out of school, and performance tasks increased
their grades. Half of the students say that the performance tasks enhance their knowledge, make
them active and help them in making self-assessments, revealing their real achievements more
efficiently, and contributing to the discovery of their interest and talents. In contrast to these
positive statements, students also remark that doing performance tasks in all courses is time
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consuming, and that they cannot study for the exams effectively because of these tasks.
Preparing tasks is not easy and they have some difficulties in affording the materials.

1.1. Purpose of the research

MoNE changed the curriculum in 2005-2006 academic year, and it became compulsory
for the students to prepare performance tasks for each lesson in primary education. In secondary
education, from 2013-2014 academic year on, students have to prepare performance tasks for
each lesson in every semester. Secondary school teachers have encountered these regulations
for the first time although the students who are in secondary education are familiar with these
concepts. For this reason, it is important to determine the problems that teachers have especially
in secondary education. Since the students will also suffer from the problems faced by the
teachers, the opinions of the students should also be evaluated.

Evaluation of the skills in vocational courses at the vocational high school through the
performance evaluation will ensure that students determine their ability to acquire skills in these
areas more efficiently, and it will also provide effective feedback to teachers and students. In
addition, the students at this vocational school have low achievement grades, and performance
task requires higher order thinking skills and connecting their knowledge with real life
situations. In this sense, it is important to identify what the teachers and students at the
vocational high school understand about the performance-based assessment and the problems
they experience in the performance-based assessment. For this reason, this study was carried
out on the students and teachers of a vocational high school.

This study has aimed to determine what the students and teachers at the vocational high
school understand about the concept of performance task, to evaluate the performance tasks at
a vocational high school and the process of preparing and evaluating performance tasks, and to
identify the problems encountered in this process.

1.2. The Importance of Research

There are many studies about performance tasks in the literature. However, these studies
are mostly based on the views of primary school students, teachers and/or parents because the
performance tasks were compulsory in primary education. (Ayva, 2010; Bal, 2012; Cetin &
Cakan, 2010; Giines & Soran, 2013; Karacam, 2013) (Birgin & Baki, 2012; Dogan-Temur,
Baymndir & Inan, 2010; Duruhan & Cavus, 2013; Giivey, 2009; Yilmaz & Benli, 2011). There
are not many studies on the views of secondary school teachers and students in the literature.
From this point of view, it is thought that this study will contribute to the field.

Since the students at vocational schools in Turkey receive professional education, the
students have to adapt the information they have learned in vocational courses to their daily
life. Hence, performance evaluation is more important for vocational high schools than other
high schools. We consider that the results of this study focusing on the implementation of
performance tasks and the problems faced by both the teachers and the students and the
suggestions which will be made in the light of these results for the solution of above mentioned
problems will be useful for more effective implementation of the performance task at the
vocational high school.

2. METHOD

This study aims to to get more detailed and comprehensive information about the opinions
of the teachers and students at a vocational high school on performance tasks. Therefore, a
qualitative method was chosen.
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2.1. Participants

In this study, we chose the appropriate sampling design among purposeful sampling
types. Purposeful sampling assumes that the researcher has to choose a sample to learn, develop
insights into any subject, and learn in great detail what s/he wants to learn (Merriam, 2013). We
carried out this study with the participation of 17 students and 13 teachers who were thought to
represent the views of the teachers and students at the vocational school on performance tasks.
Before asking the people to participate in the study, we explained the purpose of working with
teachers and students, and we stated that we would usethe results of the interviews. Volunteer
teachers and students participated in the study, and we provided detailed feedbackon the
participants' performance tasks. All of thirteen teachers who were willing to cooperate were
included in the study. Table 1 shows the distributions of the teachers according to their gender,
the faculties they graduate from and the years of service.

Table 1. Demographics of participants teachers

Features f %
Gender
Female 5 38,46
Male 8 61,54
Faculties they graduated
Science and Literature 5 38,46
Education 8 61,54

Service year

5 years and less 6 46,15
6-10 years 2 15,38
11-15 years 2 15,38
15 years and more 3 23,08

In Table 1, it is seen that the majority of the teachers are male, that they graduated from
the Faculty of Education and that they have been working for 5 years or less.

The school where we conducted the study is located in a district of Ankara, and mostly
the students who were not able to succeed in the high school entrance exams receive education
at this high school. We selected one successful (the students whose average scores are above 3
have been considered as successful), one unsuccessful (the students whose average scores are
below 2 have been considered as unsuccessful), and two moderately successful (whose average
scores are about 2) students at each grade level. We interviewed 17 students in total — 4 of them
were from the 10" grade, 4 from the 11" grade, 4 from the 12%" grade and 5 from the 9" grade.

2.2. Data Collection Tools

We prepared semi-structured interview forms in order to determine the opinions of the
teachers and students about the performance tasks in the research. We drew up these forms by
analyzing the relevant studies in the literature, and we put the forms into their final form by
taking the opinions of two teachers who did not take part in the study and two experts of
measurement and evaluation in terms of the reasonableness of the statements and the clarity of
the questions.

We ensured the methodological diversity by analyzing the documents (criteria or scales
that teachers use when evaluating the performance tasks) of the teachers who shared their
interviews, observations and documents during the data collection phase. We made the
observations at the same time during the data collection process in the school but we did not
use any data collection tool the observation. During the observation, we examined the



Altun & Kelecioglu

performance tasks prepared by the students within the scope of the performance evaluation and
presented on the walls and panels of the classrooms. In addition, we took into consideration the
attitudes and discourses of the teachers in the teachers' room, and we took notes for these aspects
out of the school.

2.3. Process

We collected the data of the study from the teachers and students from a vocational school
in Ankara. At the beginning of the interview, we informed the teachers and students about the
purpose of the research and the process of data collection, and we stated that the data obtained
in the research could be used for a scientific study. We arranged the appointments with students
and teachers, and then we held the interviews with the teachers and students at appropriate
times. We made negotiations when the teachers were free or in the afternoon. We also held the
interviews during lunch breaks or after lessons. In this way, we tried to remove the obstacles to
the collection of research data.

We asked the questions in the forms to the students and teachersr, and we recorded the
interviews with the tape recorder. Two teachers who did not want their interviews to be recorded
answered the questions by writing. Then we deciphered and wrote down the data obtained by
voice recording. The interviews with the teachers of cultural courses took 125 minutes 36
seconds, while the interviews with the vocational teachers lasted for 63 minutes 51 seconds.
The interviews with the teachers took 189 minutes and 27 seconds in total. We prepared a 50-
page document as the written copy of these interviews. The interviews with the students took
121 minutes and 7 seconds in total. When we wrote down these records, we obtained a 23-page
document. The interviews with the teachers and students lasted for 5 hours 10 minutes 35
seconds, and when we put these negotiations in writing, we drew up a 73-page document in
written form. There was no restriction on the answers of the participants in the interviews. The
teachers and students made important explanations by expressing their own ideas. In general,
we asked the same questions to the participants in the same order. However, we also asked the
questions such as “Do you open up a little more, explain what you mean, what exactly do you
mean?” in order to get more comprehensive answers from the participants who gave general
answers. Thus, we sought detailed and comprehensive information on the performance task
from the point of view of teachers and students. We examined the documents of the teachers
who shared the evaluation criteria they used in performance evaluation so as to determine how
teachers prepared and evaluated the performance tasks. The students did not give any document
because they told they submitted their assignments to their teachers.

2.4. Validity and Reliability of Study

Reliability in qualitative research is based on whether the results are consistent with the
collected data, rather than whether they give consistent results when applied at different times.
Internal validity is related to the fact that the findings reflect the actual situation (Merriam,
2013). Throughout the process, the researcher must act with a critical approach and check to
what extent the results obtained reflect the reality (Yildirnm & Simsek, 2005). Internal validity
of the qualitative research can be controlled by means of member control or member inquiry,
adequate and appropriate participation in data collection processes, examination of a specialist
(Merriam, 2013). While preparing interview forms, first of all, we took expert opinion from the
specialist of measurement-evaluation and two teachers not involved in the study for the
evaluation of expressiveness of the expressions, the clarity of the questions and the provability
of the questions. Thus, we tried to ensure the validity and reliability of the study.

In this study, we have tried to determine the ways of completing the performance task
and the opinions of the teachers and students at vocational high schools about the tasks by
examining the interviews of the participants, the observations made in the school, the records
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of the teachers sharing the documents and the results obtained from the collected data. Then the
second researcher checked all the codes, and we decided the ones thought to be faulty together.
Since a second person did not do any re-coding of the data, we did not calculate the consensus
percentage. In addition, the researcher encoded the randomly-selected interview forms of two
teachers and of two students for the second time in two weeks so as to determine the consistency
in coding. Consistency in coding for student interviews is 0, 89 while this rate was calculated
as 0, 91 for teacher interviews.

2.5. Analysis of the Data

Before starting the analysis, we made an encoding of SxOy for the students to express the
following components: S: class, x: class level, O: student and y: the order in which the interview
was done. For example, S901 means that we firstly interviewed the student in the 9™ grade.
Similarly, the teachers were coded as Ox: O: teacher and x: the order in which the interview
was made. For instance, 09 means the teacher who was interviewed was in the 9™ rank.

We analyzed the data by content analysis. Because of the lack of a conceptual structure
according to the purpose of this research, we attempted to reveal a structure as a result of the
analysis of the data with an induction approach, and in this way, we made the content analysis.
We generated the codes for each question and we arranged the collected data in an inducible
approach by determining appropriate themes for these codes. We read the raw data obtained
from the students and the teachers and in some cases we generated the according to the meaning
of the data. Then, we put together the related codes in order to create themes. In the following
phase, the second researcher checked the codes, and we made the final decision on what was
believed to be faulty.

3. FINDINGS

We asked 15 questions to the students in order to determine their perceptions on the
performance task, and we asked 17 questions to the teachers for identifying their views. We
have arranged the answers to these as follows. We have determined the views of the students
and teachers on the performance task.

The codes and the themes including the opinions of the students regarding the
performance task are presented in the table below.

Table 2. Thoughts of students towards the content

Theme Code f
Requests topic / content of the task  Easy for the student to do 15
The tasks with which students can show their 2
performance
Different 3
Determining the subject Teachers choose the subject 14
Sometimes we learners sometimes teachers choose it 3
Who will determine the subject I can determine the subject 16
Who will determine the subject The teacher can state the subject 1

In Table 2, 15 students expressed that they wanted the performance tasks to be easy, and
understandable, and to focus on more different subjects. Only two students wanted to prepare
performance tasks on the topics that they can prove themselves. 14 of the students stated that
the performance tasks were determined by the teachers while 16 students remarked that they
wanted to determine the subjects by themselves.
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Students expressed their demands in the following sentences.
S§903: “Our teachers. | want. For example, everyone is doing the same kind of
homework. It is better to do different kinds of assignments. ”

S1003: “Teachers give us 4-5 topics to choose from. Is that what it usually is? In most

of them. Did you want to determine why? Yeah. I choose easier. | choose the subject that

i know. 1 don't have any difficulty in doing research on the subject.”

§904: “Our teachers. ... | was willing to do it if | was better. | wanted to show my own

thoughts and abilities. ”

Codes and themes about the teachers’ opinions on content of performance tasks are
given in the table below.

Table 3. Points to consider while teachers determine the performance task

Theme Code f
Purpose of the course

The way of detirming content of task  The curriculum
The students’ level

= o1 o1 -

Students' Interest

As seen in Table 3, six of the teachers stated that the performance task’s content was
based on the curriculum, while eight teachers selected the content by considering the students.
Teachers expressed their opinions as follows:

09: “I gave the most easily understood subjects to this year's ninth grade and tenth
grade.”

Ol11: “According to the level of the class, I gave the subject (9th grade students’ subjects
are different from 10th grade students’ topics) ... For example, | am asking what they can
do before they have seen and for example, which topic do you want to study, the students
answer and | say okay for the topic. | say to the students: tell me the subject and present
it to me. Then, for instance, | told them to solve 20 questions for the performance:
question-answer, question-answer. ”

While the students preferred to do the performance tasks that they chose, it is seen that
the teachers took into consideration the needs of the students and the curriculum when
determining the subjects.

The table below includes the themes and codes of the student expectations regarding the
performance task.

Table 4. The expectations of the students from the performance tasks

Theme Code f
Mark 11

Expectation Understand the subject 7
Test what they can do 1
Admiration of teachers 1

Table 4 shows that the majority of the students expected good scores from the
performance tasks, that 7 students expected to learn in a better way, one student aimed to test
himself about what a student can do and what he can not do, and one student’s aim was to win
the approval of his teacher.

The students expressed their expectations from the performance task as follows:
S1001:Taking a high score and raising marks. Learn the topic”
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S1104: “Of course, it is our only goal to be able to pass high grades and pass only that
course. Otherwise, nobody has a desire to do performance work. ”

The codes and themes related to the expectations of the teachers regarding the
performance tasks of the students are given in Table 5.

Table 5. Expectations of the teachers from students regarding the performance task

Theme Code f
Study Study 3
Something to do individually 3

Learning of the subject 2

Inquiry 1

Make the students love the subject Make the students love the subject 1
Responsibility Be serious 1
1

Create a guestion bank

Three of the teachers stated that there was no expectation from the students regarding the
performance task. While 3 of the teachers were waiting for the students to do something
individually, 2 of them wanted the students to learn the subject. There are teachers who asked
the students to make inquiry, made the students enjoy the subject, took the tasks seriously and
prepared a question bank. Teachers explained their views on this issue as follows:

O1: “1 did not receive any results from my homework. While assigning the performance
task, my expectation was that student had to learn the meaning of the homework, the
study, the research, the research. My expectation was not met because we think of our
students as well; they have no infrastructure, no resources in their hands, not a lot of
computers"”

O6: “Actually, | did not have any anticipation while giving the performance task. I just
waited for my students to deliver the assignment. ”

MOI: “My expectation is that learner should take it seriously. | would have wanted that
the students cared product more than the exam.”

When we compare the expectations from the performance task, it seems that both groups
are expected to learn the topic. It seems that the priority of the students is the score while the
priority of the teachers is to teach the subjects.

The code and themes of the points that the students took into account while doing the
performance task were given in Table 6 below.

Table 6. Points about which students are careful when they doing the performance task

Theme Code f
Physical appearance 17

Points to note Content 5
Study 2
Wishes of the teachers 3
My behaviors 1

As it can be seen from Table 6, the students paid more attention to physical appearances
while doing the performance tasks. On the other hand, there are 5 students who expressed that
they are attentive to the content. The students expressed their expectations from the
performance task as follows:

S1002: “To the layout, cleanliness, content. What do you mean with content? Does it
explain the subject better? Are you impressed when you read it or is it a normal
homework? That’s it.”
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§1201: “The front cover, the beautifulness of the writing, the bibliography and something
else? Nothing else.”

S1204: “First of all, | pay attention to the order. The page should be nice, the writing
should be nice, the cover should be beautiful. What else? The content should be nice, too,
my teacher. Now | can give full information; also, | can give semi-informative
information. It is necessary to give the right information in the right place. ”

The code and the themes of the student opinions on how the teachers evaluate the
performance task are given in Table 7.

Table 7. Students' opinions on how teachers evaluated the performance task

Theme Code
Evaluation criteria Writing beauty and rules
Appearance
Scale
Content
Personality and behaviors against teachers
Exam mark
Fair scoring Taking the rightful mark
Usually taking the rightful mark
Marks are given according to the person
Not taking the rightful mark
Scoring results No surprise if criteria are known
Marks which students took are not surprise

Marks which students took become surprise
Don’t know the criteria
Sometimes it becomes surprise

SN
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As seen in Table 7, the students thought that the teachers evaluated the performance task
according to the physical appearance. While 5 of the students said that the performance tasks
were evaluated according to the contents of the tasks, 4 of the students said that they were
evaluated according to their personality and behaviors against the teacher. Only 2 students said
that their tasks were evaluated according to scales. Likewise, two students said that their
performance tasks were graded according to the exam grade. One of the students stated that he
did not get the score that he deserved in the performance task. There are 6 students who
remarked that they received noteworthy scores, and that they have received the scores they
deserved. There are 5 students stating that the scores from the performance task were not a
surprise, and 5 students stated that they were not surprised if the criteria were known in advance.
There are 3 students who said that it was a surprise, 5 students remarked that they did not know
the criteria, and 5 students stated that some of the results were surprising and that they knew
the scores in certain tasks.

The opinions of the students on the evaluation of the performance tasks are as follows:

S1102: “Sometimes. Now, it is up to teachers. How is it happening? So if the teacher
loves you, he/she gives you a lot of mark. If there is a teacher we do not meet, he just
looks at the homework; if we have a teacher we meet, he/she who says this student is
good, and honest gives high marks. That's a bit of respect for this point.”

§1203: “First they are looking at the writing, and if the writing is nice then they are
starting to read it. Then they look at the contents, they think we write beautifully in the
content and we have good information, and if the content and information are good, we
get a nice oral exam mark.”

S1103: “It's a bit of a surprise ... I'm getting higher.”
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S1002: “The teachers don’t give points. They give the mark according to the person. |
did homework. Our teachers say your marks are low and don’t give you a good mark for
your performance task. They give the points according to the exam marks. But some of
them do not do this and they give the score we deserve.”

The following table includes the codes and themes related to the criteria teachers use for
evaluating the performance task.

Table 8. Criteria used by teachers to evaluate performance task

Theme Code f
Information Understanding the topic 7
Content 6
Appearance Bibliography 4
Materials 2
Plan 2
Presentation 4
Responsibility Submitting on time 6
According to teachers ‘views In line with the goodwill of the teachers 5
In line with the active participation in the lessons 1

According to the table given above, 7 of the teachers said that their criterion in the
evaluation of the performance task was the students’ comprehension ofthe meaning in the task,
and they said that they evaluated the tasks according to the content. The main criterion was the
bibliography for 4 teachers, material for 2 teachers, plan for 2 teachers, and presentation for 4
teachers. 6 teachers made evaluation according to timely submission and 5 teachers evaluated
the performance tasks in line with their own initiatives. Only one teacher said that he/she
evaluated the students according to their participation in the lessons.

Teachers expressed their views on this subject as follows:

O4: “...preparation process, writing phase and presentation phase. | pay attention to
how they create and finalize them.”

06: “I used. Bibliography, content, | wanted presentation from some classes; If the
material is something visual | paid attention to the timely delivery of the material. | gave
them topics. Are there topics in the assignment? | look at them.”

MO2: “My criteria are that do the students catch the essence of a subject first? Do they
realize what they're doing? Do they reflect this?... Then I have time criteria. How soon
did they bring it? Then, how is the layout, layout and presentation? What did they gain
from this research? I'm asking if | think that the students have worked. | have the
information criteria. | have criteria. Of course | do not ask if I notice they do not work. ”

While evaluating the performance task, the teachers said they attached more importance
to the subject, then to the content and then to the appearance. However, since the students
thought that the teachers paid more attention to the appearance, it was determined that the
students first attached importance to the the physical appearance.

Table 9 contains the codes and themes on how students received help or guidance from
their teachers when performing performance tasks.

As it can be seen in Table 9, 11 students stated that the teachers guided them efficiently,
2 students expressed that they weren’t guided; 4 students indicated that they did not need help.
In addition, 9 students stated that both written and oral explanation were done, 7 students said
oral explanation was done, and one student claimed that written explanation was done.
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Table 9. Students’ views on teachers' guidance during performance task

Theme Code
Whether or not guidance is given Guidance at enough level

Not enough guidance
Not want
Guiding style Oral
Written
Written or oral

O R NDN =

The students explained their views on this subject as follows:

§902: “They give it, help is good. Some of our teachers give the help on paper and some
give help orally. “

S1101: “They said it orally. The teachers chose the topic from the book, so we did it by
taking the material and searching it by reading it beautifully. So the teachers said and us
write it: do the performance task from here and we didn’t do anything.”

§1204: “No. Now, the teacher says us your homework is this, do it and bring it to
me...He/she doesn’t give any detailed information... Each teacher doesn’t do this...I
mean generally oral. ... For example; we do performance tasks, everyone comes to the
class, the topics are determined according to the class list and the deadline for the
homework’s are stated. That’s all.”

Table 10 provides the codes and themes for the guidance of the teachers for their students
during the performance task.

Table 10. Guidance of teachers during the performance task

Theme Code f
Done 8
Guidance Sometimes 2
Never done/never asked 3

As seen from the table above, 9 teachers said they guided students, 2 of them sometimes
guided them, 1 teacher said that he did not intervene in the process because he did not think his
guidance would work, and 2 teachers did not offer their assistance because the students did not
demand it. Teachers explained their views on this subject as follows:

O5: “If you show the subject as practical at the first week of the school, then they do not
need guidance.”

O11: “During the task. | always say to the students that if you do not understand, if there
is a place you have difficulty while doing your performance assignment, come and ask
me again ... Because the important thing is that students should learn. | mean, I lead my
students and this is very good. Teacher must have a leading role anyway. ... ”

MO4: “...Now we already have a problem: I have been in this profession for two years,
but the level of students is a bit low, in general the numerical and comprehension skills
of the students are miserable, so we have students who do the task wrongly although we
tell them how to fulfill the tasks very much, but they definitely need guidance, hence we
have to do guidance. We can not get feedback when we are not guiding.”

During the performance task, the students generally stated that they were guided
efficiently, and the teachers expressed that they guided the students.

The codes and themes of the resources that the students use while doing the performance
task are given in Table 11.
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Table 11. Resources that the students use while doing the performance task

Theme Code f
Internet 17

Resources Books 12
Encyclopedia 5
Notebook 2
My sister 3

When asked about the resources they were using while performing the performance task,
all of the students answered the question as internet (one student said that s/he used internet
only if s/he couldn’t find the data in other sources). 12 students stated that they used books, 5
students said that they referred to encyclopedias, 2 students stated that they benefitted from
notebooks, and 2 students remarked that they received supports from their siblings.

As it can be understood from these results, students are most likely to benefit from the
internet and books while doing their performance tasks. Students describe the resources they
use in the performance tasks as follows:

S901: ““Internet, books, books related to the lesson, my sister.”’
S905: “‘Internet, books, notebook. *’

The codes and themes related to the problems students encounter when performing
performance tasks are as follows:

Table 12. Problems students encounter when performing performance tasks

Theme Code f
No problems No problems 2
Problems encountered Layout and appearance 13
Preparing product 5
Time 3
Research 5
Presentation 1

It is seen in Table 12 that the students had the greatest difficulty in preparing the external
appearance which was considered to be the most important point for the students in the
performance task. There are 5 students who had problems in preparing the materials with which
they would present their performance tasks. The students explained the time-related problems
by stating that they were supposed to prepare performance tasks for all courses and that the
submission period of the tasks coincided with the exam dates. In addition, 5 students said that
they had difficulty in finding a subject and reaching the sources while doing research. Students
expressed the problems of the performance tasks as fellows:

S901: “I have encountered difficulties with external appearance. In writing, the cover is
intended to correct the picture when | make the picture, to do it properly.”

S1001: “... Time is becoming a problem. There are exams, so it's been trouble when there
are exams.”

The themes and codes of the teacher's views on the nature of the problems encountered
during the preparation phase of the performance task are given in Table 13.
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Tablel3. Problems of performance task according to teachers

Theme Code
Student-oriented Do not study by trusting the performance task
High mark expectation
Irresponsibility
Doing carelessly
Do not submit on time
Bringing printout from the internet
Do not understand- do not have the ability to do so
Make someone else do (not themselves)
System-oriented Giving performance task to each student from every lesson

OB WEFELOIN W O1=h

Giving performance task to one who doesn’t want to do it
Teacher-oriented Work load

Different shape

Evaluation

Time
Nothing Nothing

WP RPN

As observed in Table 13, 5 of the teachers thought that giving performance tasks to every
student was a problem. One of the most common problems during performance tasks was that
students did not study by relying on the scores to be obtained from the performance tasks and
that they did not submit the tasks in a timely manner. The teachers stated that the students did
not do their tasks and that the performance tasks were a burden on teachers. Teachers expressed
the problems of the performance task as follows:

OI: “The fact that every student is given a performance duty and that their deadline is
also the same date as the exams, so the student is doing the homework carelessly and |
see this as a negative side. At the same time, when he gets his performance duties from
all the courses, he makes his sister, brother or a friend do it, or prints it out on the
internet.”

MO3: “l do not think there is anything negative about it. I think the negative aspect of
the performance task is misunderstanding. It is understood by both students and teachers
as if it is a term paper. In other words, it is understood that the student has to bring out
a document or business with the province and bring out the product, which is the negative
side.”

09: “It is workload on a teacher if I think of it from my own perspective. The paper
consumption was incredible and students say, for example, | have practiced almost every
performance task, so I didn’t do my homework, I did not study the writing, I did not have
my homework, because I had my homework, but they do not do the homework properly.
They do not study properly in the classroom, so when the child makes four or five pages
of homework and spends it on the complex internet, they are expecting a high grade from
you. From that point of view, | think that the oral note scale of the teacher is better.”

While preparing the performance task, the students stated that they often had problems
with the appearance of their tasks. On the other hand, the teachers stated that the students mostly
did not bring their tasks on time, that they did not understand the tasks, and that they did not
study for the lessons since they relied on the performance tasks, etc.

The positive and negative aspects of the performance task according to the students'
thoughts are given in the table below.
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Table 14. Positive and negative points of the performance task in terms of students

Theme Code f
No benefits No benefits 3
Benefits of the performance task Mark 10
Studying and learning 14
Research 1
Improving the skills of writing and drawing 2
Self-recognition 1
Negative sides Doing homework from each lesson 2

There are 3 students who said that the performance task had no benefit. 10 students stated
that the benefit of the performance task was the scores. When the code and the themes related
to the performance task are examined, 14 students indicated that the performance task was
beneficial in terms of studying and learning the subject. Some of the students said that they
benefited from research, self-recognition and writing skills development (1 student benefited
from the research and self-recognition, and two students found the opportunity to improve the
writing skills). Two of the students stated that they had difficulties in doing tasks and getting
prepared for the exams because they were supposed to do performance tasks in each lesson, and
they remarked that there was no negative aspect of the performance task if there was not any
time constraint.

The statements of the students on the benefits of the performance task are as follows:

§1203: “‘Of course, there are also benefits outside the note, and if we mention about
them, we learn different things. Last year | got my performance assignment from
mathematics: logarithma, now we study it in the same classroom, but most of my friends
have forgotten it but I did not forget. ”’

§902: “There was no benefit. Nothing usually happened, it was a point upgrade. It would
not have been very beneficial in terms of learning the subject. Even if 1 didn’t take a
performance task, it wouldn’t make a difference.’’

S1002: “There is no positive side. | think so. You just said we get the information, the
students' marks rise. Another? On the other hand, even if you write directly from the
internet, it actually teaches you something... For example, I do not want to get a
performance task as 1 have high points from it. But we are obliged to have it. At the end,
| have high mark and what happens whether I do my homework or not, then | am doing
badly and my average decreases.”

The code and the themes generated from the teachers' views on the contribution of the
performance task to the students are expressed in the following table.

Table 15. Contribution of students to the performance task in terms of teachers

Theme Code

No positive side No positive side

Learning Completing my shortcomings
Learning individual study
Making research

PR R RNNRE O W=,

Communication Improving communication skills
Discovering students

Student-centered Making students active
Measuring high-level skills

Document Document for oral exam
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As shown in Table 15, three teachers thought that there was no positive effect of the
performance task. While 5 of the teachers indicated that the students understood the topic better
with the help of the performance task, 2 teachers expressed that they started to do research and
to learn how to do it. In addition, a teacher said that the students learned to work individually
and to produce an individual product. 2 teachers indicated that the performance tasks allowed
for student-centered assessment. One teacher remarked that the performance tasks enabled them
to obtain written documents for giving the scores of oral examination. The contribution of the
performance task to the students is expressed by the teachers as follows:

MO2: “The positive side is that as | said, if they come to such curious students who are
willing, they are really trying, learning. They come during this research, asking what they
do not understand, what else they can do ...”

02: “Positive aspects, as I said, it shows us silent students, their different features,
creativity that we do not fully see and the different thoughts of them during teamwork.
Also, students can prove their existence with these homework. ”

O6: “The student realizes his / her shortcomings when he / she makes a performance
assignment. He/she realizes the missing aspects and tries to complete them... At least they
do research and realize where they can use the information gained from the homework
in everyday life.”

Getting high scores and learning the topics were the positive aspects of the performance
tasks from the students’ points of views while the teachers stated that the main positive aspects
of the tasks were the acceleration of the students’ learning process and the development of their
communication skills.

The code and the themes of the student opinions on whether the performance task is
necessary are given in Table 16.

Table 16. Necessity of performance task according to students

Theme Code f
Whether the performance task It shouldn’t be 3
should be or not

I should take it from the lessons that | want or | am bad at 6
Better if it is 8

As seen in the table above, 3 students said that there should be no performance task. 6
students expressed that they should do the tasks for the lessons that they wanted or in which
they failed. 8 students stated that the performance tasks should be given. Five of them said that
the performance tasks were beneficial because these tasks increased their scores. A student
stated that the tasks contributed to the learning process since they enabled him/her to revise the
subjects. Another student said the performance tasks were necessary since they gave
responsibilities to the students.

S1004: “‘I think it should be like the project... | think that if you are not good at a lesson,
you can take homework from it and prepare it better and pay more attention to upgrade
that course mark. It may be from the lessons we want. So free. It isn’t similar to the
project, | mean you can take homework as much as you want...”’

§1202: “‘Actually, we should go to 12 this year, so | do not need performance work from
my point of view. However; in my opinion, the performance task should be for class 9,
because when the students prepare for university, they will not forget the information and
it will help them.”’

The codes and themes on the necessity of performance tasks according to the teachers
are given in Table 17.
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Table 17. The necessity of performance task according to teachers

Theme code f
Unnecessary 6
Necessity It should not be given to every student 2
It should not be at the same time with the exams 2
Necessary 1

Table 17 shows that six of the teachers found the performance tasks unnecessary, only
one teacher thought that the tasks were necessary. Two teachers remarked that the tasks should
not be given to all students, and two teachers stated that the submission period should not
coincide with exam dates. Teachers' expressions about the performance task are as follows:

08: “I think it is unnecessary because | follow them in the course of time for example, |
am giving to + according to the attendance to the course and if the student answers a
question. I check their notebooks and books.”

Ol11: “I think it is unnecessary. Then why is it given? Actually, | do not understand why
it is given. Because you are giving to your students something, he /she has not already
done it properly... For example, you ask one of the questions which the student finds but
he/she cannot answer any of the questions s/he finds. Because he/she just wrote something
to take notes and brought something only for show not to learn.”

MO2: “I cannot say it is necessary but I can say that it is useful. So it is not necessary to
say, but it would be useful if this job is done voluntarily.”

The majority of the teachers participating in the study thought that the performance tasks
should not be used, while the majority of the students thought that they should be given.
The codes and the themes on how the teachers defined the performance tasks are given below.

Table 18. Definition and the aim of the performance task according to teachers

Theme Code f
Learning the given topic Study 2
Understanding 2
Struggling 1
Evaluation Broad evaluation 3
Reflect His/ her learning 3
Process 3
Instead of an oral note 3
Creativity Developing creativity and adapting to the real life 1
Responsibility Developing responsibility 2

The teachers were asked to explain what the performance task was and what the purpose
of these tasks might be. Five of the teachers stated that their students studied and learned the
topics. Twelve of the teachers said that they used performance assessment to evaluate students.
Teachers indicated that the performance based assessment under the evaluation theme allowed
for a wider assessment and reflected students' learning. 3 teachers stated that the performance
task provided a written document for oral examination and it ensured the participation of the
students in the class.

O1: “I think that the task of performance should be the mission that brings the creativity
of a studend to the forefront. At the same time, it is useful in terms of understanding the
parts that the student does not understand about the course.”

03: “The performance task is the reflection as the performance of what students learn in
their own way, beyond what they have learned in class, or actually what they have learned
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in class. So when we look at the meaning of performance, it means that students have to
make an effort to do about that lesson.”

O5: “Activities that cover a period. It should not be just homework.”

The following table shows the code and themes on how the teachers understand whether
the students do their performance tasks by themselves or not.

Table 19. How teachers determine whether students do their performance task themselves or not

Theme Code f
| do not understand | do not understand 2
The method of understanding Asking 7

whether the student has done
the homework himself/herself

I made students have presentation 1
I know the student 5
Performance tasks are the same or similar 2
| assess the process 1
I listen to the students one by one 1
I give tasks which somebody else cannot do. 1

The most common way for the teachers to understand whether the students did their
performance tasks by themselves or not was to ask the students the afore-said question directly.
Five of the teachers stated that they could understand whether the student did the task because
they knew the students, one teacher stated that he/she made them present their tasks, two of
them said that they checked the similarity among performance tasks, one teacher said that he
assessed the process so the students could not have his/her performance task done by someone
else.

03:”...For the homework I gave, somebody else cannot do that...Because we have

already told about it in the classroom. He/She will comment on what we talked about.

Students can make anybody commented on what I'm talking about....”

O7: “For example, homework was delivered in a perfectly fine, uniform, well understood
manner ... I said you did not do this homework. Student already said “‘yes, my teacher I
did not do that” He/She confesses. He/She confessed because his/her writing is not so
smooth, | know he/she did not understand the topic. You have already know the student.”

i)

MOI: “It is already emerging from the student's success. What he can or cannot do...’

The codes and themes related to the responsibilities and the performance task according
to the teachers’ point of view are given in the table below.

Table 20. Responsibilities and tasks related to performance tasks according to teachers

Theme Code
Teacher Being a guide
Checking
Determining appropriate content and standards according to my students level
Take it seriously
Student He /She should be responsible
He /She should cooperate with the teacher
Take it seriously
Study
Parents They will follow
They will support
They will provide resources
Not doing homework

PNPRPORFRPNMNMNNWOERLPRWSAS-
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Four of the teachers indicated that the teachers should guide the students about the
performance tasks; four of them said that teachers should determine appropriate subjects and
standards for students. In addition to this, three teachers said that performance tasks should be
checked by the teachers, one teacher said that the tasks should be taken seriously. Teachers
stated that the students should be responsible for their performance tasks, that they should
cooperate with their teacher, and that they should carry out study on the topic. The teachers
stated that the the parents should be responsible for the follow-up of the performance tasks of
their children, that they should support them, provide resources and not intervene in their
homework.

Teachers expressed the responsibilities and duties related to the performance task as
follows:

O7: “The task of the students, the student is fully aware of the task and he /she will begin
immediately to investigate. They will led their teachers constantly check their
homework... He/She will always keep in touch with the teacher. Parents at least, our
parents are a little uninterested in this issue... If the parents knew, followed their child,
warned the child...

OI10: “...Does the performance tasks provide student with a benefit or not? Does the
student enjoy or not? We need to talk about these aspects...We cannot give it exactly
because we do not know each student very well. We have lots of students. ”

MOI: “...the parents have to stop to entrust their student to school. Teacher, school and
parents have to act together ... "

The codes and themes regarding the teachers’ proposals to make the performance task
more effective are shown in the following table.

Table 21. The proposals of the teachers about the performance task

Theme Code
Topics Related to the Daily life
Developing creativity
Suitable for the level of the learner
The one which the students will like
Student determine the topic
Teacher teaching the same lesson determine the topic
It should add something to student
Time and Place It should been spread broader time
There must be appropriate environment and facilities
Responsibility There must be family support
It should be taken seriously
Good guidance should be done
Education System Education policy must be changed
Exams should been removed
Obligation It should not been given the students who do not want
It should be removed
Method Process can be evaluated in the course

NWNRPRRPRRPRRRPRPRPRPREPREPNDPRER-

In Table 21, most of the teachers indicated that the selection of the topics for the
performance tasks should be taken into consideration in order to improve the quality of the
performance task and to make it more effective. In addition to this, the teachers thought that
the performance tasks could become more efficient with the help of the improvements in the
conditions and physical facilities of the school, the allocation of broader time periods for the
performance tasks, and the fulfillment of the responsibilities by the families and teachers. Apart
from that, there are teachers who said that the educational policy should be changed in order to
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increase the functionality of the performance task. Moreover, it was indicated that the
performance task should not be mandatory and that process assessment in the course was also
a performance evaluation. Three teachers said the performance task should be removed from
the evaluation process.

Teachers' suggestions for performance tasks are expressed as follows:

010: “ ... So you increase the effectiveness of the performance task in this way, all
students are included in, there should be suitable environment to enjoy. .. | have no
factory. I have no place to do this in my lab...”

09: “ ...Group teachers who teach the same lesson must come together and set a
standard, draw a sketch. Secondly, maybe... he studies can be done about what your
students want to do, what they are expecting... As teachers we have been pushing
performance assignments for two weeks to three weeks. Maybe it is more likely that we
will give it at the beginning of the year and spread it over a wider period of time, students
can be expected to do something more efficient...”

O7: “If I think of it in the name of our school, I do not think that it will be implemented
properly. For example; in our school, performance task should completely be removed...
The children assume that they will get 100 when they take a colorful piece of paper and
paste two pages on it. In order that this work properly, the learner needs to change, the
student must change his mind...”

In addition to these findings, 10 teachers who participated in the study stated that the
performance task did not reach its goal, only 3 teachers’ stated that it reached its goal.

4. DISCUSSION, CONCLUSION, SUGGESTIONS

This stuy examines the opinions of the students and teachers at a vocational high school
about performance tasks. According to the result of this study, the expectations of the students
from performance task are to have high grades and to understand the subject. Although there
have been teachers who do not have any expectations from the students regarding the
performance task, it has been determined that the teachers generally expect the students to
study, to enjoy the course, and to take responsibility.

The teachers have stated that they assess the performance task firstly according to the
content and secondly according to the physical appearance. Most of the students, on the other
hand, have remarked that the teachers assess the performance task according to the physical
appearance, and that they do not give grades fairly. Thus we have concluded that the students
pay attention to the physical appearance rather than the content (Cetin & Cakan, 2010) and it is
the most difficult part for them.

Similar to the results of the study carried out by Yilmaz and Benli (2010), we have
concluded that the teachers guided the students sufficiently, and that they helped the students
while doing the performance tasks.

In addition to these, the performance tasks have many advantages from the perspective
of the students. The most positive aspect of these tasks is to encourage the students to study the
subject and to learn it. The grades that the students get are other positive aspects of the
performance tasks. We have found out that the positive aspects of the performance tasks from
the perspective of the teachers are the acceleration of students’ learning process and the
development of their communication skills.

We have also concluded that the students generally prefer much easier subjects they can
do for the performance tasks. On the other hand, the teachers mostly take into consideration the
needs and levels of the students and the content of the lessons while determining the subject of
the performance tasks. These findings are similar to the findings of the study carried out by
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Yilmaz and Benli (2011) in which the interest, motivation and the needs of the students are
taken into consideration while determining the subjects of the performance tasks.

We have determined that the students have problems in making the physical appearance
of the task proper, while the teachers state that they encounter student-based problems such as
irresponsible behaviors, not understanding the task and the topic, and having the tasks done by
someone else. The teachers also perceive the tasks as an extra workload for them. The problem
of having the performance tasks done by someone else is also seen in the studies carried out
Yilmaz and Benli (2011). This study also has similar results with the studies carried out by
Duruhan and Cavus (2013) in terms of doing the performance task for the sake of getting a high
grade and downloading and getting it printed from the internet.

Generally, the students have a positive attitude towards the performance task. This finding
is parallel to the findings of the study with the primary school students by Ayva (2010). The
teachers express that the performance task have not reached its goal. These results also show
similarities to the results of the study carried out by Duruhan and Cavus (2013).

The results of this study put forward the fact that both the students and the teachers do
not have enough information about what the performance task is and how it should be done;
therefore, the performance tasks have not reached their goals. Performance tasks should
measure higher order thinking and they should be related to real life situations. The results of
the study show that performance tasks do not possess these features. Moreover, the students
should have knowledge and understanding of the subjects in order to do performance tasks.
Students try to do a performance task about a subject which mostly they do not understand or
they do not know. This may be a reason why performance tasks do not reach its goal. Like other
alternative assessment methods, performance tasks make the students active in the process and
enable them to take more responsibilities. But in the current study, teachers complain about
irresponsibility of students, and most of them say that performance task should not be given to
all students. They even say that the performance tasks should not be used for the evaluation of
the students anymore. Teachers’ lack of knowledge about performance task may be the reason
of these opinions. In general, the habits of the students which they bring from their primary and
secondary school, the insufficient experience and knowledge of the teachers about the
performance task can be the most important reasons of these problems mentioned in the study.
The applied education can be given to both the students and the teachers in order to eliminate
these problems. Similar studies may be carried out at different high schools.
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Abstract: The aim of this study was to conduct a systematic review research
concentrating on studies regarding ‘Mathematics anxiety’. 59 papers were
reanalyzed in order to answer the questions derived from the main aim in terms

of the rules of systematic review method. These studies were reviewed and
analyzed by taking account of their aims, designs, sampling and results. While
doing this, the similarities and differences of the reviewed studies were also
found. It was seen that most of these studies conducted with middle school
students. It was also found that the majority of reviewed studies were designed
according to quantitative approaches. The review shows that mathematics
anxiety is resulted from students’ achievement, self-efficacy and fear along
with parents’ and teachers’ lack of supports in mathematics. The results
gathered from reviewed studies suggest that studies designed with approaches
like qualitative and mixed-method and studies focused on various topics
related with ‘Mathematics anxiety’ with different sampling are needed. In
conclusion, this systematic review study provides some fruitful information
for the area and so for the further studies.
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“I fear in mathematics. Mathematics is really difficult to me. I can’t ask anything
to my teacher when I can’t solve a problem. I am not sure he can help me, yes maybe
he can. [...] But firstly, I don’t want my friends to laugh at me at my mistakes and
secondly, I don’t want my teacher to embarrass me in front of my friends. [...] if I
ask him, he may think that I am lazy, but I only can’t understand mathematics.”

Alkan (2009)

As in quotation above, some of the students feel fear and so anxiety in mathematics. This
apprehension diminishes on the one hand students’ success in mathematics on the other hand
their interests in doing mathematical operations. Anxious students feel that they are incapable
of solving problems or finding solutions in mathematics.These feelings might lead students to
avoid physically and mentally attending mathematics which then create mathematical
handicapped students.
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Since 1950’s, anxiety in mathematics has been considered as a problematic situation in
educational settings. In those years both Gough (1954) and Dreger & Aiken (1957) defined
anxiety as a negative emotional reactions to mathematics. Also, they describe how number
anxiety was differed from general anxiety. Thereafter, there have been a wide body of research
focusing on anxiety in mathematics. This is not just because of mathematics’ being crucial
element of the school curriculum but also its being an essential element of life.

Mathematics anxiety described as a negative feeling response to mathematics (Ashcraft,
2000; Gresham, 2010; Maloney & Beilock, 2012 and Richardson & Suinn, 1972). These
negative feelings are caused by poor performance and lack of comprehending notions in
mathematics. Mathematics anxiety created as a result of these feelings can have an impact on
all age groups from primary school students to adults (Alkan, 2013a & 2013b; Ashcraft, 1995;
Cemen, 1987; Wu, Willcutt, Escovar & Menon, 2014).

In spite of an increase in technology and new techniques in order to improve learning and
teaching in mathematics, it is noticed that students are still anxious in mathematics. Due to this,
studies are investigating ‘mathematics anxiety’ in Turkey as in other countries. It is seemed that
most of the studies conducted in Turkey identified the level of mathematics anxiety (Aydin,
2011; Bekdemir, 2009; Birgin, Baloglu, Catlioglu & Giirbiiz, 2010; Dede & Dursun, 2008;
Kagar & Saricam, 2015; Karadeniz & Karadag, 2014; Peker & Sentiik, 2012; Tasdemir, 2013;
Uysal & Selisik, 2016 and Unlii, Ertekin & Dilmag, 2017). Additionally, some of the studies
focused on finding out the relation between mathematics anxiety and attitudes and self-efficacy
(Adal & Yavuz, 2017; Akin & Kurbanoglu, 2011; Doruk, Oztiirk & Kaplan, 2016 and
Kurbanoglu & Takunyaci, 2012). Apart from these studies, some of the other studies adapted
mathematics anxiety scales into Turkish (Akgakin, Cebesoy & Inel, 2015; Akin, Kurbanoglu &
Takunyaci, 2011; Baloglu, 2010 and Baloglu & Balgalmis).

Considering Turkish context, even though several studies were done about ‘mathematics
anxiety’, there is a lack of studies concerning systematic review of studies about ‘mathematics
anxiety’. It is expected that a systematic review of research about ‘mathematics anxiety’ can be
helpful for the researchers to see the scope of research done about this topic. It is also expected
that the results of this study can provide fruitful information to the area. In addition to this,
another expectation is that the results of this study can enable researchers to design their studies
with different approaches. Furthermore, it is expected that the results presenting the aim of the
previous research can provide new perspectives to the future researchers.

In this study, it was aimed to review previous studies focused on ‘mathematics anxiety’
conducted in Turkey systematically. To this aim, following questions were answered:

1) What are the main aims of the studies?

2) What type of methodology is used in the studies about mathematics anxiety?
3) Who are the main participants of the studies reviewed?

4) What are the main outcomes?

5) What are the main similarities and differences of the studies reviewed?

6) What needs to be done in the area reviewed?

The questions formed according to the main aim of this study were answered according
to the rules of systematic review research. By this review, the main similarities and differences
of the studies about ‘mathematics anxiety’ were identified. In addition to this, the research
which differed from the broad of previous research related with ‘mathematics anxiety’ was
determined.



Alkan

2. METHOD

This study aimed to investigate the previous studies related with ‘mathematics anxiety’
considering their aims, designs and results. Therefore, a systematic review research method was
used to review previous studies focusing on ‘mathematics anxiety’ done in Turkish context. A
systematic review is a research method comprising of selection of previous studies related with
the decided topic, critically evaluation of these studies and analysis of all relevant studies in
terms of systematic rules (Millar, 2004, Littell, Corcoran & Pillai, 2008 and Torgerson, 2003).
In this study, it is aimed to select and evaluate research about the topic ‘mathematics anxiety’
conducted in Turkey. Consequently, studies investigated topics related with ‘mathematics
anxiety’ are re-examined by using systematic review process.

According to Millar (2004), while using systematic review research, a researcher should
follow such phases. These phases are; a) determination of the aim, b) selection of the studies
which are consistent with the aim founded on particular criteria, and ¢) drawing inferences from
the gathered information. In this study, all these phases are paid attention and the process is
carried out based on these.

In terms of systematic review rules and based on research questions, primarily 117 studies
published between the years 2007 and 2017 were downloaded. These studies were downloaded
through such databates as ERIC, EBSCOHost, ULAKBIM and Google Scholar. In order to
reach papers through the given databates, the keyword ‘matematik kaygisi’ in Turkish and
‘mathematics anxiety’ in English is searched.

It should be noted that theses, books, projects and conference papers are not included to
the searching process thereby, to the review process. After the completion of downloading
papers published in journals, those having only abstracts were excluded. In addition to this,
even though a lot of papers were listed after the search, it was seen that some of them were not
related with the main topic. Therefore, those not having the words ‘mathematics anxiety’ and
‘matematik kaygist” in the keyword part and not particularly related with the main topic were
also excluded.

The papers’ being directly related with ‘mathematics anxiety’ was the significant criterion
in the selection of papers for this study. In other words, papers focusing on such topics as
‘mathematics teaching anxiety’, ‘test anxiety in mathematics’ and specifically ‘attitudes in
mathematics’ were excluded. In addition to this, although some papers both titled with the term
‘mathematics anxiety’ and included the term ‘mathematics anxiety’ in the keyword part, they
were excluded from the review process as they were not focusing mainly on mathematics
anxiety and not suitable for the aim of this study. Finally, 59 papers were included in the review
process.

The aim and the questions derived were decisive in this study. In this context, this study
designed in terms of systematic review method followed the criteria below: These papers

- published between 2007 and 2017

- focused mainly on mathematics anxiety

- concerned with mathematics anxiety in educational settings

- published in journals

3. FINDINGS

The selected articles included in review process were analysed in accordance with the
questions outlined above. Firstly, the aims, designs and participants of studies were given. Then,
the results of studies were presented.
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3.1. Main Aims of the Studies

Considering the main aims of the previous studies it can be seen that most of the studies
focused on identifying the level of anxiety in mathematics (e.g. Aydin, 2011; Bekdemir, 2009;
Birgin, Baloglu, Catlioglu & Giirbiiz, 2010; Dede & Dursun, 2008; Kagar & Sarigam, 2015;
Karadeniz & Karadag, 2014; Peker & Sentiik, 2012; Tasdemir, 2013; Uysal & Selisik, 2016
and Unlii, Ertekin & Dilmag, 2017). It can be also seen that some studies about identification
of anxiety in mathematics targeted determining various issues related with mathematics
anxiety. For instance, such issues as relationship between attitudes and anxiety in mathematics
(e.g. Hacidmeroglu, 2017; Karadeniz & Karadag, 2014, Simsek, Sahinkaya & Aytekin, 2017
and Yenilmez, Girginer & Uzun, 2007), relationship between some variables and mathematics
anxiety (e.g. Catlioglu, Giirbiiz & Birgin, 2014; Doruk & Kaplan, 2013; Tasdemir, 2013; Oksal,
Durmaz & Akin, 2013; Peker & Sentiirk, 2012 and Uysal & Selisik, 2016), relationship between
anxiety, attitudes and self-efficacy in mathematics (e.g. Adal & Yavuz, 2017; Akin &
Kurbanoglu, 2011; Doruk, Oztiirk & Kaplan, 2016 and Kurbanoglu & Takunyaci, 2012)
relationship between anxiety and achievement in mathematics (e.g. ilhan & Oner Siinkiir, 2013,
Sad, Kis, Demir & Ozer, 2016 and Yilmaz & Bindak, 2016), relationship between mathematics
anxiety and classroom assessment (e. g. ilhan, 2015), relationship between metacognitive
awareness and mathematics anxiety (e. g. Gokbulut & Akdag, 2016 and Kacar & Sarigam,
2015) and relationship between mathematics anxiety and learning strategies (e.g. Arslan, Giiler
& Giirbiiz, 2017) were investigated.

Table 1 indicated the whole picture of the main aims of the previous studies. As seen in
Table 1, while some studies focused on finding out the level of mathematics anxiety and its
relation with such variables as mentioned above, some of them showed variety of topics. It was
seen that there were studies on adaptation of mathematics anxiety scales to Turkish (e.g.
Akcakin, Cebesoy & Inel, 2015; Akin, Kurbanoglu & Takunyaci, 2011; Baloglu, 2010; Baloglu
& Balgalmis, 2010). There was one study focusing on reducing mathematics anxiety at primary
school level (e.g. Alkan, 2013a) and one study focusing on the relation between mathematics
anxiety and mothers (e.g. Alkan, 2013b). On the other side there were two reseach investigated
the relationship between mathematics anxiety and mathematics teaching anxiety (e.g. Peker &
Ertekin, 2011 and Unlii, Ertekin & Dilmag, 2017).

Table 1. Main Aims of the Studies

Aims of the Studies

Examples

The level of anxiety in
mathematics

Mathematics anxiety and its
causes

Relationship between
mathematics anxiety and such
demographic variables
Relationship between
mathematics anxiety and
attitudes towards mathematics
Relationship between
mathematics anxiety, attitudes
towards mathematics and self-
efficacy

Relationship between
mathematics anxiety and
metacognitive awareness

Baloglu, 2008; Dede & Dursun, 2008; Aydin, Delice, Dilma¢ &
Ertekin, 2009; Birgin, Baloglu, Catlioglu & Giirbiiz, 2010;
Pamuk & Karakas, 2011; Aydin, 2011; Tasdemir, 2015
Bekdemir, 2007; Alkan, 2010; Alkan, 2011; Ozdemir & Sezginsoy
Seker, 2017

Peker & Sentiirk, 2012; Doruk & Kaplan, 2013; Tasdemir, 2013;
Catlioglu, Giirbiiz & Birgin, 2014; Uysal & Selisik, 2016

Yenilmez, Girginer & Uzun, 2007; Karadeniz & Karadag, 2014;
Haci6meroglu, 2017; Simsek, Sahinkaya & Aytekin, 2017

Akin & Kurbanoglu, 2011; Kurbanoglu & Takunyaci, 2012;
Doruk, Oztiirk & Kaplan, 2016; Adal & Yavuz, 2017.

Kagar & Sarigam, 2015; Sarigam & Ogurlu, 2015; Gokbulut &
Akdag, 2016
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Table 1. Main Aims of the Studies (Cont.)

Aims of the Studies Examples

Relationship between Isleyen, 2015; Yurt & Kurnaz, 2015
mathematics anxiety and self-

regulation )

Relationship between Sad, Kis, Demir & Ozer, 2016

mathematics anxiety and

achievement in mathematics

The impacts of mathematics Bekdemir, 2009; flhan & Oner Siinkiir, 2013
anxiety on mathematical

achievement

The effects of achievementand  Kesici & Erdogan, 2010; Erdogan, Kesici & Sahin, 2011
social comparison on

mathematics anxiety

The predictive power of Ilhan, 2015

students’ perceptions of

classroom assessment

environment for their

mathematics anxiety.

Relationship between the Yilmaz & Bindak, 2016
achievement in mathematics

and mathematics anxiety and

test anxiety

The predictive power of Erden & Akgiil, 2010
mathematics anxiety and

perceived social support from

teacher

The relation between anxiety Bekdemir & Bagibiiyiik, 2011
and achievement in

mathematics and achievement

in geography

The predictive power of IThan & Oner Siinkiir, 2012
mathematics anxiety, positive

and negative perfectionism to

the mathematics achievement

Relationship between Peker & Ertekin, 2011
Mathematics Teaching Anxiety

and Mathematics Anxiety

The impacts of teachers’ Aslan, Giirgah Ogul & Tas, 2013
mathematics anxiety on

students mathematics

achievement

Investigation test and Oksal, Durmaz & Akin, 2013
mathematics anxiety according

to such variables

Mothers and their relation with ~ Alkan, 2013b

mathematics anxiety

Relationship between students Arslan, Guler & Giirbiiz, 2017
mathematics anxiety and their

learning strategies
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Table 1. Main Aims of the Studies (Cont.)

Aims of the Studies

Examples

Relationships between
Mathematics Anxiety,
Mathematics Teaching Anxiety,
Self-efficacy Beliefs towards
Mathematics and Mathematics
Teaching

The effects of students’ basic
psychological needs on
motivational regulations
towards mathematics and
mathematics anxiety

The ways implemented by
teachers to reduce mathematics
anxiety

Relationship between self-
concept and mathematics
anxiety

Relationship between
mathematics anxiety and
mathematical beliefs
Relationship between
mathematics anxiety and
epistemological beliefs

The effect of geogebra software
on mathematics anxiety and
mathematics teaching anxiety
Relationships between students’
perception of self-efficacy,
mistake-handling learning
awareness, and mathematical
anxieties

The effect of a “Geometry
Garden” on mathematics
anxiety

Classification of students’
mathematics anxiety according
to the PISA 2012 results.
Adaptation of MARS-SV into
Turkish

Adaptation of MARS-E into
Turkish

Adaptation of R-MARS into
Turkish

Adaptation of MAS-R into
Turkish

Validity and Reliability Study of
MASS

Unlii, Ertekin & Dilmag, 2017

Durmaz & Akkus, 2016

Alkan, 2013a

Isiksal, Curran, Ko¢ & Askun, 2009

Haci6meroglu, 2013

Delice, Ertekin, Aydin & Dilmag, 2009

Zengin, 2017

Aksu, Ozkaya, Gedik & Konyalioglu, 2016

Kurt & Ozel, 2013

Erten Tatl, Atalan Ergin & Demir, 2016

Baloglu, 2010

Baloglu & Balgalmis, 2010

Akin, Kurbanoglu & Takunyact, 2011
Akcakin, Cebesoy & Inel, 2015

Ozdemir & Giir, 2011
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When the reviewed papers are considered, it can be said that most of the studies tried to
determine whether mathematics anxiety is related to gender, type of the school, attitudes toward
mathematics and self-efficacy. In addition to this, there are few studies investigated the reasons
of mathematics anxiety. Another point gathered from the reviewed papers is that there is not
any study about developing a scale between 2007 and 2017. On the other hand, there are four
studies focused on adaptation of such scales used in other countries.

3.2. Types of Methodology Used in Studies

The studies reviewed in this study indicated that a majority of these studies used
quantitative approach. These quantitative studies designed according to the survey method as
illustrated in Figure 1 below. Beside this, it can be seen that very few studies used qualitative
and mixed method approaches compare to those quantitatives.

Methodology used in the research

H Quantitative-Scale
H Qualitative- Interview
M Qualitative- Open-ended form

H Mixed Method-Scale and
Interview

H Mixed Method-Scale and
Open-ended form

M Mixed Method - Scale,
Interview and metaphors

M Others

Figure 1. The distribution of the type of methodology in studies

As said earlier and as given in Table 2, it can not be said that studies were used variety of
different approaches. In other words, papers were mostly designed according to quantitative
methodology. Considering the data collection tools used in these quantitive studies, it is seen
that scales are used by most of them. The majority of researchers used mathematics anxiety
scale whereas some of them collected the data with attitude or self-efficacy scale beside
mathematics anxiety scale.

The result of this review indicates that multiple data collection tools were used in recent
studies (e.g. Aslan, Giirgah Ogul & Tas, 2013; Haciomeroglu, 2017; Unlii, Ertekin & Dilmag,
2017). This means that some researchers tried to find out the relationship between mathematics
anxiety and other factors with different perpectives apart from previous studies. It can be said
that investigating mathematics anxiety with various scales could be helpful to the area in order
to understand the situation.
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Although multiple data collection used by quantitative studies in recent years, it could be
said that there is a need to use other research methodologies. Since this can enable researchers
to discover the phenomenon in detail. As seen in Table 2, interview and open-ended form were
the data collection tools in research designed with qualitative approach. In addititon to this, it
was emerged that data collection tools in those designed with mixed-method approach were
interviews and open-ended form with scales. There are very few studies done according to such
methods like meta-analysis, literature review and document analysis. On the other hand, for
instance, it is seen that none of these studies used focus group technique in data collection.

Table 2. Type of Methodology used in Research

Research Approach Data Collection Tools

Examples

Quantitative *
(survey)

Mathematics Anxiety Scale

Mathematics Anxiety Scale
and Epistemological beliefs
Scale

Mathematics Anxiety Scale,
Achievement  Motivation
Scale and Social
Comparison Scale

Mathematics Anxiety Scale
and  Perceived  Social
Support Scale-R

Mathematics Anxiety Scale
and Mathematics Teaching
Anxiety

Mathematics Anxiety Scale,
Mathematics Teaching
Anxiety, Self-efficacy
beliefs towards Mathematics
Scale and Self-efficacy
beliefs towards Mathematics
Teaching Scale

Mathematics Anxiety Scale
and Attitude Scale

Bekdemir, 2007; Yenilmez, Girginer
& Uzun, 2007; Baloglu, 2008; Dede &
Dursun, 2008; Isiksal, Curran, Ko¢ &
Askun, 2009; Aydin, Delice, Dilmag
& Ertekin, 2009; Birgin, Baloglu,
Catlioglu & Giirbiiz, 2010; Baloglu,
2010; Baloglu ve Balgalmis, 2010;
Pamuk & Karakas, 2011; Akin,
Kurbanoglu & Takunyaci, 2011;
Ozdemir & Giir, 2011; Doruk &
Kaplan, 2013; Tasdemir, 2013;
Akgakin, Cebesoy & Inel, 2015;
Tasdemir, 2015

Delice, Ertekin, Aydin & Dilmag,
2009

Kesici, & Erdogan, 2010; Erdogan,
Kesici & Sahin, 2011

Erden & Akgiil, 2010

Peker & Ertekin, 2011

Unlii, Ertekin & Dilmag, 2017

Peker & Sentiirk, 2012; Karadeniz &
Karadag, 2014; Catlioglu, Giirbiiz &
Birgin, 2014; Simsek, Sahinkaya &
Aytekin, 2017
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Research Approach Data Collection Tools

Examples

Quantitative
(survey)

*

Mathematics Anxiety Scale,
Attitude Scale and Self-

efficacy Scale

Mathematics Anxiety Scale,
Attitude Scale and

Motivation Scale

Mathematics Anxiety Scale,
Attitude Inventory and
Students’ grades

Mathematics Anxiety Scale
and Positive and Negative
Perfectionism Scale

Mathematics Anxiety Scale
and students’ grades

Mathematics Anxiety Scale
and Mathematical Beliefs
Scale

Mathematics Anxiety Scale
and Test Anxiety Scale

Mathematics Anxiety Scale,
Test Anxiety Scale and
students’ grades

Mathematics Anxiety Scale,
Beliefs survey, Number and
Operation Task and
Geometric Shapes Sorting
Task

Mathematics Anxiety Scale
and Self-Regulation Skill
Scale

Mathematics Anxiety Scale,
Basic Psychological Needs
Scale and Academic Self-
Regulation Scale

Mathematics Anxiety Scale
and Classroom Assesment
Environment Scale

Mathematics Anxiety Scale
and Meta-Cognition
Questionnaire

Mathematics Anxiety Scale
and Metacognitive
Awareness Inventory

* Akin & Kurbanoglu, 2011; Doruk,
Oztiirk & Kaplan, 2016

*

Kurbanoglu & Takunyaci, 2012

*  Hacidmeroglu, 2017

* [lhan & Oner Siinkiir, 2012

% [lhan & Siinkiir, 2013

*  Hacidmeroglu, 2013

* QOksal, Durmaz & Akin, 2013

* Yilmaz & Bindak, 2016

* Aslan, Glirgah Ogul & Tas, 2013

* Isleyen, 2015

* Durmaz & Akkus, 2016

* [lhan, 2015

* Kacar & Saricam, 2015; Gokbulut &
Akdag, 2016

* Saricam & Ogurlu, 2015




Int. J. Asst. Tools in Educ., Vol. 5, No. 3, (2018) pp. 567-592

Table 2. Type of Methodology used in Research (Cont.)

Research Approach

Data Collection Tools

Examples

Quantitative
(survey)

*

*

Mathematics Anxiety Scale
and Self-efficacy Scale

Mathematics Anxiety Scale,
Mistaken Handling Learning
Scale and Self- Efficacy Scale

Mathematics Anxiety Scale
and Learning Strategies Scale

Questionnaire

Students’ grades

Yurt & Kurnaz, 2015

Aksu, Ozkaya, Gedik & Konyalioglu,
2016; Adal & Yavuz, 2017
Arslan, Giiler & Giirbiiz, 2017

Aydin, 2011; Uysal & Selisik, 2016
Kurt & Ozel, 2013

Quialitative

Mixed Method

Others

Interview
Open-ended form

Mathematics Anxiety Scale,

Achievement  Test  and
Interviews

Mathematics Anxiety and
Mathematics Teaching

Anxiety Scales and Open-
ended form

Mathematics Anxiety Scale,
metaphors and interviews

Literature Review
Meta-analysis

Document analysis

Alkan, 2011; Alkan, 2013b
Alkan, 2013a

Bekdemir, 2009;
Bagibiiyiik, 2011

Bekdemir and

Zengin, 2017

Ozdemir & Sezginsoy Seker, 2017

Alkan, 2010
Sad, Demir & Ozer, 2016
Erten Tatli, Atalan Ergin & Demir,

2016

3.3. Main Participants of Research

The main participant of the research related with ‘mathematics anxiety’ is students as they
are facing with this situation. Additionally, students’ teachers are other significant elements of
studies related with this topic. Therefore, it is seen that the majority of the research conducted
with students. Only two of the studies are done with teachers. The list of participants and related
research are given in Table 3.

Considering the participants, it can be said that most of the studies conducted with middle
school students among those done with the group of students. This points that there could be an
idea accepted in those studies that middle school students were more anxious than students at
other levels. Beside this, the results show that pre-service teachers and undergraduates are the
second big group of participants in the sampling. Studies on pre-service teachers’ and
undergraduates’ anxieties in mathematics that were reviewed indicate that anxiety in these
levels could be problematic for their education.

Itis seen in Table 3, there are also research selected high school students as participants.
Even though these are less than other groups of participants, the results show that there is a
need to study with these students in order to find out the causes of mathematics anxiety. On the
other hand, there is a few research conducted with primary school students (e.g. Alkan, 2011,
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2013b; Haciomeroglu, 2017 and Peker & Sentiirk, 2012) Moreover, there is only one research
including kindergarten students in the sampling (e. g. Aslan et al., 2013). Apart from all these
groups of participants, it is seen that there are three studies done based on the documents (e.g.
Alkan, 2010; Erten Tath et al., 2016 and Sad et al., 2016)

The reviews about the participants of the research suggest that studying with middle-
schools students, pre-service teachers and undergraduates could add extra information to the
area. However, it is seen that there is a need to study with primary school students in that
students face with mathematics firstly at this level. In addition to this, it could be good to
understand ‘mathematic anxiety’ from the lenses of different combinations of participants, for
instance students and teachers or students and parents, etc.

Table 3. The main participants of research

Main Participants

Examples

Pre-service Teachers

Undergraduates

High School Students

Middle School Students

Primary School Students

Primary and Middle School
Students
Primary School Teachers

Primary School Students
and their mothers
Kindergarten students and
their teachers

Documents

Bekdemir, 2007; Isiksal, Curran, Ko¢ & Askun, 2009; Delice, Ertekin,
Aydin & Dilmag, 2009; Peker & Ertekin, 2011; Akin, Kurbanoglu &
Takunyaci, 2011; Doruk & Kaplan, 2013; Haciomeroglu, 2013;
Catlioglu, Giirbiz & Birgin, 2014; Akcakin, Cebesoy & Inel, 2015;
Kagar, Sarigam; 2015; Zengin, 2017

Yenilmez, Girginer & Uzun, 2007; Baloglu, 2008; Bekdemir, 2009;
Aydin, Delice, Dilma¢ & Ertekin, 2009; Baloglu, 2010; Pamuk &
Karakas, 2011; Bekdemir & Basibiiyiik, 2011; Akin & Kurbanoglu,
2011; Tasdemir, 2013; Gokbulut & Akdag, 2016; Unli, Ertekin &
Dilmag, 2017; Ozdemir & Sezginsoy Seker, 2017

Erdogan, Kesici & Sahin, 2011; Kurbanoglu & Takunyac1, 2012; Ilhan,
2015; Durmaz & Akkus, 2016; Uysal & Selisik, 2016;

Dede & Dursun, 2008; Birgin, Baloglu, Catlioglu & Giirbiiz, 2010;
Erden & Akgiil, 2010; Kesici & Erdogan, 2010; Aydin, 2011; Ozdemir
& Giir, 2011; IThan & Oner Siinkiir, 2012; {lhan & Oner Siinkiir, 2013;
Oksal, Durmaz & Akin, 2013; Kurt & Ozel, 2013; Karadeniz &
Karadag, 2014; 1sleyen, 2015; Saricam & Ogurlu, 2015; Tasdemir,
2015; Yurt & Kurnaz, 2015; Aksu, Ozkaya, Gedik & Konyalioglu,
2016; Doruk, Oztiirk, Kaplan, 2016; Yilmaz & Bindak, 2016; Arslan,
Giiler & Giirbiiz, 2017; Adal & Yavuz, 2017

Alkan, 2011; Peker & Sentiirk, 2012; Haciomeroglu, 2017
Baloglu & Balgalmis, 2010; Simsek, Sahinkaya & Aytekin, 2017
Alkan, 2013a

Alkan, 2013b

Aslan, Giirgah Ogul & Tas, 2013

Alkan, 2010; Sad, Kis, Demir & Ozer, 2016; Erten Tatli, Atalan Ergin
& Demir, 2016
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3.4. Main outcomes of research

A general overview of the reviewed studies’ outcomes is given in Table 4. The main
outcomes of the studies are classified according to the participants selected in the reviewed
studies as seen in the Table 4. While presenting the data, examples of the studies are provided
for each result. In addition to this, these outcomes of reviewed studies about mathematics
anxiety are categorised under three major themes as ‘reasons of mathematics anxiety’,
‘adaptation of scales into Turkish’ and ‘reduction in mathematics anxiety’. In Figure 2 the
distribution of these studies based on themes are presented. The numbers of studies presented

under three themes in Figure 2 are correspondingly given in Table 4. In other words, each
outcome is linked with these themes in Table 4.

As mentioned earlier, the most of the research under the review were designed in terms
of quantitative research approach and mostly conducted with students at different levels.
Additionally, studies used qualitative and mixed method approaches mostly collected the data
based on students’ views. Therefore, the results of these studies founded on students’
perceptions or perspectives on mathematics anxiety and its relationship with such factors.

18 T‘N
16 -
14 H Pre-service Teacher
12 A ® Undergradutes
10 - )
i High School Students
8
6 ® Middle School Students
4 # Primary School Students
2 & Primary and Middle School Students
1
° ol 0000 ! u Others
Reasons of _ Sy
Mathematics ~ Adaptation of o
Anxiety Scales into Reduction in
Turkish Mathematics
Anxiety

Figure 2. Themes emerged from reviewed research

It is seen in Figure 2 that almost all studies’ results are related with the theme ‘reasons of
mathematics anxiety’. The highest number of studies within this theme conducted with middle
school students. The review results indicate that such factors as the level of achivement in
mathematics, teachers’ and parents’ lack of support, students’ fear, self-efficacy and beliefs and
metacognitive awareness in mathematics can cause mathematics anxiety (see Table 4).

In some studies reviewed under the theme ‘reasons of mathematics anxiety’, it can be
seen that results about the effect of gender on mathematics anxiety show contradictions. For
instance, ilhan & Oner Siinkiir (2013) stated that girls are more anxious in mathematics
compare to boys. On the other hand, the results of studies conducted by Birgin, Baloglu,
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Catlioglu & Giirbiiz, (2010), Catlioglu, Giirbiiz & Birgin (2014) & Tasdemir (2015)
emphasized that students’ anxiety is not related with their being a girl or boy (see also Table
4).

There are few studies under the themes ‘adaptation of scales into Turkish’ and ‘reduction
in mathematics anxiety’ as given in Figure 2. The adaptation of scales related with mathematics
anxiety into Turkish done for pre-service teachers, undergraduates, middle school students and
both for primary and middle school students. According to the results of reviewed studies on
this topic, it can be said that R-MARS, BAI, MARS-SV, MAAS and MARS-E are valid and
reliable for selected samples (see Table 4).

The results about the theme ‘reduction in mathematics anxiety’ indicate that there are
only two studies under this theme. One of these studies is done with pre-service teachers
whereas the other one is done with primary school teachers. As seen in Table 4, the study
conducted by Zengin (2017) suggested that the learning and teaching process designed
according to GeoGebra software can reduce the level of pre-service teachers’ anxiety in
mathematics. In addition to this, in Alkan’s (2013a) study it is found that supporting students’
motivation and comprehension in mathematics, using examples and exercises and games could
be helpful to reduce the level of primary school students’ anxiety in mathematics.

Table 4. Main outcomes emerged from the reseach

Participants Themes Main Outcomes Examples
Pre-service Reasons of - The causes of mathematics
teacher Mathematics anxiety
Anxiety o Teachers’ negative attitudes
and practices; * Bekdemir, 2007 ;
o Students’ fear of making a
mistake and asking a
guestion to their teachers
Reasons of - Negative relationship * Isiksal, Curran, Ko¢ &
mathematics between mathematics anxiety Askun, 2009;
anxiety and mathematical self-concept
Reasons of - The level of anxiety in * Aydin, Delice, Dilmag¢ &
mathematics mathematics changes Ertekin, 2009;
anxiety according to gender, the level
of class and the university
Reasons of - Positive relationship between  + pelice, Ertekin, Aydin &
mathematics epistemological beliefs and Dilmag, 2009;
anxiety mathematic anxiety
Reasons of - Positive relationship between . peyer & Ertekin, 2011
mathematics mathematics anxiety and
anxiety mathematics teaching anxiety

Adaptation of

- Adapted form of R-MARS is

*

Akin, Kurbanoglu &

Takunyaci, 2011

scales into valid and reliable to be used
Turkish with pre-service teachers

. L. * Doruk & Kaplan, 2013
Reasons of - Mathematics anxiety is P
mathematics moderately related with self-
anxiety efficacy and this relation is

affected by gender.
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Table 4. Main outcomes emerged from the reseach (Cont.)

Participants Themes Main Outcomes Examples
Reasons of - The lower mathematics #* Haciémeroglu, 2013
mathematics anxious one has the higher
anxiety mathematical beliefs.
Reasons of - Gender has no effect on s« Cathoglu, Giirbiz &
mathematics mathematics anxiety. Birgin, 2014
anxiety Achievement and anxiety in
mathematics has negative
relationship.
Adaptation of = Adapted version of BAI is * Akgakln, Cebesoy &
scales into reliable and valid for inel, 2015
Turkish measuring pre-service
teachers’ anxiety level.
Reasons of - Metacognitive  awareness « Kacar & Sarigam, 2015
mathematics has relation with mathematics
anxiety anxiety. The increase in
negative metacognition level
causes anxiety in mathematics.
-There is a  positive . Ggipulut & Akdag, 2016
Reasons of relationship between
mathematics metacognitive awareness and
anxiety mathematics anxiety.
%
- The learning and teaching Zengin, 2017
Reduction in process designed with
mathematics GeoGebra software enable
anxiety pre-service  teachers to
overcome mathematics anxiety
and mathematics teaching
anxiety.
Undergraduates Reasons of -Relationship between
mathematics mathematics  anxiety and = Yenilmez, Girginer &
anxiety attitudes Uzun, 2007
o Positive attitude
increases anxiety
decreases
o The increase in the * Akin & Kurbanoglu,

level of anxiety in
mathematics  causes
negative attitude
towards mathematics
so that lowers self-
efficacy

2011
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Table 4. Main outcomes emerged from the reseach (Cont.)

Participants Themes Main Outcomes Examples
Undergraduates  Reasons of - Positive correlations * Baloglu, 2008
mathematics between the subjective and
anxiety objective measures of
mathematics anxiety level
Reasons of -The causes of mathematics * Bekdemir, 2009
mathematics anxiety
anxiety o Teachers’ negative

Adaptation of
scales into
Turkish

Reasons of
mathematics
anxiety

Reasons of
mathematics
anxiety

Reasons of
mathematics
anxiety

Reasons of
mathematics
anxiety

Reasons of
mathematics
anxiety

attitudes and
practices;

o Students’ fear of
making a mistake and
asking a question to
their teachers

- Adapted form of MARS-SV
can be used for
undergraduates

- Online students are more
anxious than on-campus
students

- Mathematics anxiety and
achievement is related with
geography achievement
positively

- The level of anxiety in
mathematics does not change
according to gender. Students
from vocational school are
more anxious than those from
other.

- There is a positive
relationship between
mathematics teaching anxiety
and mathematics anxiety.
Self-efficacy beliefs have
negative relation both with
mathematics anxiety and
mathematics teaching anxiety.

- Students’ personality, their
interaction with teachers and
school facilities cause
mathematics anxiety.

Baloglu, 2010;

Pamuk & Karakas,
2011

Bekdemir & Basibiiyiik,

2011

Tagdemir, 2013

Unlii, Ertekin &
Dilmag, 2017

Ozdemir & Sezginsoy
Seker, 2017
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Table 4. Main outcomes emerged from the reseach (Cont.)

Participants Themes Main Outcomes Examples
High School Reasons of - The level of anxiety in
Students mathematics Mathematics
anxiety o Thereisn’t a high Dede and Dursun,
relation between 2008
mathematics anxiety and
variables like gender and
grade
- The level of students’ .
22?;2&2%25 achievementf motivation and Erdogan, Kesici &
; : Sahin, 2011
anxiety _soual comparison hgs an
impact on mathematics anxiety
- Students’ anxiety in
Reasons of matematics can be changed Kurbanoglu &
mathematics according to the type of Takunyaci, 2012
anxiety schools but students’ gender
does not affect anxiety
Reasons of - Performance oriented
mathematics assessment environment has ilhan. 2015
anxiety positive whereas learning ’
oriented assessment
environment has negative
relation with
mathematicsanxiety.
- The basic psychological
N0 needs had an impact on Durmaz & Akkus,
GRS mathematics anxiety 2016
anxiety ‘
- The level of anxiety in
Reasons of mathematics changes Uysal & Selisik
mathematics according to the type of 2016 ’
anxiety school. High school students
have moderate level anxiety in
mathematics.
Reasons of - Mathematics anxiety is
mathematics related with achievement in
anxiety mathematics and the socio- Erten Tatli, Atalan
economic level of parents. Ergin & Demir, 2016
- There is a slight relationship
rﬁz?rs](;nmsa(t)i]::s between mathematics anxiety
TS and organizing strategies and Arslan, Giiler &

rehearsal strategies. There is
a moderate relationship
between mathematics anxiety
and the other learning
strategies (elaboration,
comprehension monitoring
and affective strategies).

Giirbiiz, 2017
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Table 4. Main outcomes emerged from the reseach (Cont.)

Participants Themes Main Outcomes Examples
Middle School Reasons of - The level of students’ * Kesici & Erdogan, 2010
Students mathematics achievement motivation and
anxiety social comparison has an
impact on mathematics anxiety
Reasons of - There is not a relation between ' gﬁlgéﬁa;f Egg,rbﬁz,
mathematics genc_der and mather_natlcs anxiety 2010; Tasdemir, 2015
anxiety butis a relatlo_n with _grade level
and mathematics anxiety.
Perceived enjoyment of
mathematics has an effect on
mathematics anxiety
- Negative relation between
mathematics anxiety and * Erden & Akgiil, 2010
Reasons O_f students’ achievement. Teacher
mathematics support is significant predictor
anxiety of success and anxiety in

Adaptation of
scales into
Turkish

Reasons of
mathematics
anxiety

Reasons of
mathematics
anxiety

Reasons of
mathematics
anxiety

Reasons of
mathematics
anxiety

Reasons of
mathematics
anxiety

Reasons of
mathematics
anxiety

mathematics.

- MAAS is valid and reliable to
be used with middle school
students

- There is not a relation between
gender and is a slight relation
between grade and mathematics
anxiety

- Mathematics anxiety has an
impact on learning, positive
perfectionism has relation with
achievement whereas negative
perfectionism has relation with
anxiety

- Girls are more anxious than
boys. There is a difference in the
level of anxiety according to the
grades

- Test and mathematics anxiety
is moderatetly telated with each
other

- Geometry Garden has an
impact on students’ learning so
that their being anxious in
mathematics

- There is a negative relation
between mathematics anxiety
and attitudes towards
mathematics.

% Ozdemir & Giir, 2011

* Aydin, 2011

# [lhan & Oner Siinkiir,
2012

# flhan & Oner Siinkiir,
2013

* Oksal, Durmaz & Akin,
2013

* Kurt & Ozel, 2013

* Karadeniz & Karadag,
2014
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Table 4. Main outcomes emerged from the reseach (Cont.)

Participants Themes Main Outcomes Examples
Middle School Reasons of -Self-regulation and * Isleyen, 2015
Students mathematics mathematics anxiety has
anxiety negative relationship.
Reasons of ) The_re IS a negative * Sarigam & Ogurlu,
mathematics relatlonsh_lp between 2015
anxiety mathemat!cs anxiety and_
mathematics anxiety of gifted
student.
- The sources of self-efficacy
Reasons of have an impact on gifted * Yurt & Kurnaz, 2015
mat_hematlcs students’ anxiety level in
anxiety mathematics.
- There is a significant % Aksu, Ozkaya, Gedik
Reasons of relationship between self- & Konyalioglu, 2016
mathematics efficacy, mistake-handling ’
anxiety learning and mathematics
anxiety.
- Middle schools students’ * Doruk, Oztiirk &
Reasons of level of mathematics anxiety is ~ Kaplan, 2016; Adal &
mathematics moderate. There is a negative Yavuz, 2017
anxiety o ge '
relationship between anxiety
and self-efficacy and attitudes
in mathematics.
Reasons of - Achievement in mathematics
mathematics has a negative impact on * Yilmaz & Bindak,
anxiety mathematics anxiety. The 2016
relation between test and
mathematics anxiety is weak.
Primary School Reasons of - Parents’ lack of knowledge * Alkan, 2011
Students mathematics in mathematics, teachers
anxiety support, students’ self-efficacy
and interaction with peers can
cause anxiety in mathematics
Reasons of - Gender, satisfaction with the + Peker & Sentiirk, 2012
mathematics lesson and the teacher, and
anxiety attitudes can be predictos of
mathematics anxiety.
- There is a slightly negative
Reasons of relation between attitudes and ~ * Hacidomeroglu,2017
mathematics anxiety in mathematics. The
anxiety higher success the lower

anxiety in mathematics
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Table 4. Main outcomes emerged from the reseach (Cont.)

Participants

Themes

Main Outcomes

Examples

Primary and Adaptation of - Adapted version of MARS-E ~ * Baloglu & Balgalmus,
Middle School scales into is reliable and valid to 2010
Students Turkish measure anxiety in
mathematics
Reasons of - Achievement and anxiety in * Simsek, Sahinkaya &
mathematics mathematics has negative Aytekin, 2017
anxiety correlation. Fourth graders
are more anxious than seventh
graders. Gender has no impact
on the level of attitudes and
anxiety in mathematics.
Others Reasons of - Mathematics anxiety is the * Alkan, 2010
(Primary School ~ mathematics reason of students’
Teachers, anxiety personality, peers, parents and
Mothers, interaction with teachers
Documents)
Reduction in - In order to reduce « Alkan. 2013a
mathematics mathematics anxiety, primary ’
anxiety school teachers support
students’ motivation and
comprehension in
mathematics. Use examples
and exercises beside games to
support students’ effective
learning « Alkan, 2013b
Reasons of - Mothers’ ignoring anxiety,
mathematics lack of knowledge, lack of
anxiety support causes students’
mathematics anxiety at
primary school
. <
Reasons of - Pre-school teachers being ?:;ag’o(l}; reah Ogul &
mathematics anxious in mathematics has no ’
anxiety effect on students’ anxiety.
Reasons of - There is a negative relations ~ * Sad, Kis, Demir &
mathematics between achievement and Ozer, 2016,
anxiety anxiety in mathematics

4. CONCLUSION AND IMPLICATIONS

This systematic review research was focused on studies about ‘mathematics anxiety’. By
this study, it is believed that crucial points in regard to ‘mathematics anxiety’ are determined
for future studies. Since a whole descriptive picture of mathematics anxiety in educational
settings and its relation with such factors is provided with this review.

The reviewed studies indicated that nearly all studies done with students. Additionally,
most of these students were selected from middle school levels. These findings, on the one hand
suggest that students have significant role in defining anxiety and in determining its possible
reasons in mathematics. Therefore, it can be said that the data gathered from this group provides
a valuable insight to the area. On the other hand, it is seen that there is a need to do studies with
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students from different school levels in order to delineate the anxiety in mathematics at various
levels. Some of the reviewed studies done with middle school students stressed divergent
results. For instance, in the study conducted by Ilhan and Oner Siinkiir (2013), it is claimed that
girls are more anxious compare to boys whereas other studies done by Birgin, Baloglu,
Cathoglu & Giirbiiz (2010), Cathioglu, Giirbiiz & Birgin (2014) and Tasdemir (2015)
emphasized that there is no significant relation between gender and mathematics anxiety. These
results show that there is a need to conduct study with big samples at middle school levels and
also at other levels to establish the relationship between these. Alternatively, a small sample
study understanding the phenomenon deeply from different genders from all type of school
levels could provide new insight into the area.

The result emerged from the reviewed studies emphasizes the role of teachers.
Considering mathematics anxiety in educational settings, teachers’ role in either creating or
reducing anxiety in mathematics is also crucial. This means, further studies can focus on
investigating mathematics anxiety according to teachers’ views. In studies conducted by Alkan
(2011, 2013), some points like, parents’ and teachers’ lack of support, interaction between
teachers and students, friends and mothers are highlighted as factors of causing mathematics
anxiety. These results propose that in Turkish context, further studies need to investigate
mathematics anxiety from different perspectives like teachers, mothers or friends. Moreover, it
could be good to conduct study with different combinations of participants such as teacher-
student or student-teacher-parents.

Most of the reviewed studies aimed to measure the level of anxiety in mathematics and
to find out causes of mathematics anxiety. In addition to this, in some studies while identifying
anxiety, its relationship with genders, school types, students’ capabilities and attitudes in
mathematics are explored. However, other issues like the impacts of friends, teachers and
parents or students’ personalities on students’ mathematics anxiety are need to be studied in
detail. Another contribution of this review is that it helps to discover the lack of studies about
such topics as reducing or overcoming mathematics anxiety and developing Turkish
mathematics anxiety scales for various school levels.

Concerning all reviewed studies it can be said that most of them designed according to
quantitative research methodology. The results emerged from these studies show that scales are
commonly used data collection tools. It can be accepted that these quantitative studies provide
productive information to the literature. Additionally, the scales used in these quantitative
studies are useful to reach many participants at a specific period and also to maintain conclusive
results. Nevertheless, it can be also seen that there is a lack of studies designed in terms of
mixed method and qualitative research methodologies. For this reason, it can be said that mixed
method and qualitative research studies could bring fruitful knowledge to the area. Moreover,
such data collection tools as interviews, observations, focus groups are needed to be used to
comprehend students’ feelings about mathematics anxiety as well as to define and to exemplify
anxiety in mathematics. On the other hand, it is seen that using metaphors (see e.g. Ozdemir &
Sezginsoy Seker, 2017) to draw students’ anxiety in mathematics could provide interesting
insight into the area.

In conclusion, it is seen that most of the studies under the review designed according to
the quantitative research methodology as well as obtained the data based on students’
perceptions by scales. Students’ anxiety in mathematics can be measured or clarified by their
perceptions or perspectives, but there should be studies considering other groups of participants
like teachers, parents or friends. According to the results of reviewed studies, it can be said that
most of the studies conducted to find out nearly similar aims. This suggests that there should
be studies focusing on special topics relating with ‘mathematics anxiety’. It might be concluded
that future studies related to ‘mathematics anxiety’ need to widen the scope of the topic, to use
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multiple data collection tools and to gather data from various groups of participants in order to
discover the whole picture of mathematics anxiety in educational settings in Turkey. This will
also support triangulation of findings and enhance the trustworthiness of the results.
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