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Abstract

Key Words

The aim of this study is to determine the leader accountability and ethical climates
perception levels and the relationship between accountability dimension of ethical
leadership behaviors and ethical climate in universities. The research was designed
in quantitative model, correlational and single-subject research was conducted.
The population of the research was composed of academicians from engineering
faculties in universities of Marmara Region. In the research, a survey form
involving “Personal Information Form”, “Leader Accountability Scale” and
“Ethical Climate Scale” was used as the data collection tool. Data was collected
via Survey Monkey. Data analysis was performed with descriptive statistics,
appropriate difference tests, and regression analyses According to results, leader
responsibility, answerability and openness behaviors are perceived in moderate
level. “Laws and codes” and “Rules” ethical climates were most perceived climate
types while the “organizational interest” and “caring”. Ethical climate types
perception levels differ significantly according to status (state/foundation) of
university. Furthermore, it was revealed that there is a moderate level relationship
between perception level of leader accountability behaviors and perception level
of ethical climate. The perception level of ethical climate predicts the perception
level of “responsibility” behavior of leader. Furthermore, it is determined that
perception level of “laws and codes”, “caring” and “instrumental” ethical climates
predict the perception level of leader accountability.

Leader accountability
Ethical climate
Leadership
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Higher education ethics
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Introduction

With the realization of the importance of ethics in management science, it has become important
to examine the individual and organizational factors that cause ethical or unethical behaviors of
employees. According to the ethical climate theory (Victor and Cullen, 1987, 1988), the perceived
organizational ethical climate reflects the beliefs about what behavior is right in the organization and
affects employees' ethical decision-making and ethical behaviors (Sims, 1992). Employees learn how to
behave, what values are important and rewarded through both formal and informal socialization (Victor
and Cullen, 1987). A positive perception of ethical climate significantly affects employees'
organizational commitment, job satisfaction and psychological well-being positively and prevents the
occurrence of dysfunctional behaviors (Martin and Cullen, 2006). The ethical climate theory (Victor
and Cullen, 1988) puts forward six basic types of organizational ethical climate. These are individual
interest, organizational interest, caring, independence, rules and laws/codes climates. Among these
climate types, individual interest ethical climate type has been found to cause the most unethical
behavior (Wimbush and Shepard, 1994). Self-interest refers to the perception of employees in the
organizational climate that decisions are made primarily in line with their own personal interests (Victor
and Cullen, 1988). Which factors are effective in the formation of ethical climate in organization has
been a subject of study since the 1950s. The main factors that play a role in the formation of ethical
climate are classified as organizational structure, external context of the organization, and strategic and
managerial orientations (Martin and Cullen, 2006). According to Mayer et al. (2009), ethics starts at the
top management level and moves down to lower levels of management to influence employee behavior.
It has been observed that when there is ethical leadership in management, undesirable behaviors in the
organization decrease (Gill et al., 2015, Kuenzi et al., 2009, Mayer et al., 2010, cited in Guarin, 2019).
Ethical leadership theory reveals that the ethical behavior of leaders influences the ethical decisions and
actions of employees (Brown and Trevino, 2006). Ethical leadership exerts its influence through social
learning (Bandura 1977, 1986, as cited in Steinbauer, 2014). Ethical leaders set the ethical tone in an
organization by demonstrating, communicating and reinforcing appropriate behaviors. They treat
followers fairly, lead by example, manage moral values strongly, and have an internalized moral
perspective that enables idealized influence practices (Brown et al., 2005, Walumbwa et al., 2008; cited
in Steinbauer, 2014). Ethical leaders are those who use their power for the benefit of others and the
organization (Gini, 1998; Kanungo, 2009; Randall, 2012), exhibit appropriate attitudes and behaviors
in interpersonal relationships (Brown et al., 2005), and are honest and accountable (Nei et al., 2018).
Leader accountability, one of the dimensions of accountability, is an important ethical behavior (Foy,
2019, Nei et al., 2018). Wood and Winston (2007), who introduced the theory of leader accountability,
identified three basic dimensions of leader accountability. These are consent, openness and
answerability in accepting responsibilities. Today, leaders are encouraged to exhibit ethical behaviors
through accountability and leader accountability is considered as one of the main ways to improve
business ethics (Petrick and Quinn, 2001). Although empirical measurement of leader accountability is
gaining importance, it is seen that there are very few studies in this field and there is a gap in the literature
on the relationship between leader accountability and ethical climate. University education is expanding
globally in terms of factors such as the increase in the number of students, diversification of service
providers, and the use of technology in education and training. With this expansion, some risks arise for
higher education, which has evolved from an elite structure to a mass structure. With the massification
of higher education institutions, practices that require questioning the ethical and moral values of
institutions have started to be frequently encountered. These include unethical practices, the
transformation of universities from autonomous academic institutions to business-oriented institutions,
softening of standards in student assessments, questionable education providers, fraud in international
education and, in some cases, in student recruitment (Prisacariu and Shash, 2016). The low ranking level
of Turkish universities cwur.org/2018-19. php), low number of articles and citations, high plagiarism
rates (Toprak, 2016, Yalgintas and Selcuk, 2016; Yalgintag, 2017), academic and administrative
autonomy problems of universities (Biger, 2006; Celik and Giir, 2014; Oztiirk, 2004), mobbing
(Civilidag, 2011; Cogenli, 2013; Konakli, 2011; Tanriverdi, 2016) have emerged as the main problems
of universities in Turkey in recent years.

It is very important that universities, which are expected to train highly qualified and creative
human power, have a structure that is innovative in terms of academic and institutional functioning, that
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follows changes and quickly adapts itself to these changes, and that can compete with world universities
(Erdogan, 2014, Tekeli, 2012; Yamamato, 2018).

Determining the relationship between leader accountability behaviors and ethical climate in
universities is the main aim of this study. The sub-problems of the study are as follows:

1. What is the level of perception of academicians about the leader accountability
behaviors in universities? Do academicians’ perceptions of leader accountability differ
according to state/foundation status of the university? Does the state/foundation status
of the university predict the level of leader accountability behaviors?

2. What is the level of perception of academicians about the ethical climate types in
universities? Do academicians’ perceptions of ethical climate differ according to
state/foundation status of the university? Does the state/foundation status of the
university predict the level of ethical climate?

3. Isthere a statistically significant relationship between leader accountability and ethical
climate perception levels?

Method
Design of the Research

The aim of the study is to determine the relationship between leader accountability behaviors
and ethical climate perceptions of academicians, the study was designed in the correlational survey
model. The relationships between the level of leader accountability and ethical climate perceived by
academicians were examined.

Population and Sample

The population of the study consists of faculty members, lecturers and research assistants
working in the engineering faculties of state and foundation universities in the Marmara Region.
According to YOK (Higher Education Council of Higher Education) statistics for the 2017-2018
academic year, a total of 3691 academicians work in the engineering faculties of 56 universities with
engineering faculties in the Marmara Region. Of these, 2431 are employed in public universities and
1260 in foundation universities.

. In order to determine the sample size, the following minimum sample calculation formula
(Ozdamar, 2003) was used for the universe with a certain main population size and the sample size was
found to be 348 with a margin of error of e=5 at 95% confidence interval.

ne—__Npa
d?(N — 1) + t2pq
“n” : number of academicians
“q”: probability (0.5)
“f: at a given significance level, the theoretical value found according to the t table
“t” =1,96 (value found in t-table: a=0.05 i¢in 1.96)
“d”: accepted sampling error according to the frequency of occurrence of the event (.05)

Y= 3691.(1,96).(1,96).0,5.0,5
0,05.0,05(3691—1)+1,96.1,96.0,5.0,5

= 348

A survey link was sent to the entire population via Survey Monkey program. The total number
of participants was 412. 35,2% of the participants were female and 64,5% were men. 319 of them were
working in public universities and 93 in foundation universities. 15.8 % of participants were between
20-30 years old; 37.55 were between 31-40 years old, 22.9% were between 41-50 years old, 14.6% were
between 51-60 years old and 5.8% were between 61-70 years old. 70.8% were PhD graduate, 21.9%
PhD students. 20.04% of participants were professors, 15.8% were associate professors, 24.1% were
doctor faculty members, 21.9% were research assistants and 12.9% were lecturers. The percentage of
participants with managerial positions was 24.8.
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The frequency and percentage of the administrators that the participants chose to evaluate in
terms of leader accountability behaviors is given in Table 1. As seen in Table 1, the administrators that
the participants chose to evaluate in terms of leader accountability behaviors the most were the
department head (37.6) and the dean with (25.2). The least evaluated administrators were the coordinator
with (4.10), the institute director (4.34%), and the rector (3.88%).

Table 1. Frequency and percentage of the administrator evaluated by participants

Administrator Frequency %

Rector 66 16.1
Head of department 155 37.7
Dean 104 25.3
Dean deputy 3 0.7
Rector deputy 9 2.2
Coordinator 9 2.2
Institute director 11 2.7
Other 29 7.1
Not answered 26 6.0
Total 412 100

The responses of the participants to the "Other" option are as follows: "Trustees and senior
management"” (6.8%); "General, all administrators™ (37.9%); "Administrative units" (3.4%); "Head of
department” (10.34%); "Faculty member" (13. 79%); "Executive" (3.4%); "Rectorate" (3.4%); "Rector,
dean, department head" (N=2); "Supervisor" (3.4%); "Dean, department head, department head",
(3.4%); "doctor faculty member" (3.4%); "Thesis advisor" (3.4%). It is seen that the participants mostly
chose to evaluate the manager in the position of "Head of Department” (37.7%).

Data Collection Tools

As data collection tool a questionnaire form was composed of 3 sections: “Personal information
form”, "Leader Accountability Scale" and "Ethical Climate Scale".

The “Leader Accountability Scale” was used to determine the leader accountability perception
levels of academicians. This scale consists three subscales ("openness”, "answerability" and
"responsibility” subscales) developed by Wood and Winston (2005). Scale was adapted into Turkish
and validity and reliability study was conducted by Oztiirk and Celep (2009). The validity and reliability
study was conducted with a sample of 143 primary school teachers in Istanbul. Cronbach's alpha value
for the answerability dimension was .90, Cronbach's alpha value for the openness dimension was .90
and Cronbach's alpha value for the responsibility dimension was .93. Cronbach's alpha reliability
coefficient is between 0.00-1.00 (Biiyiikoztiirk, 2007).

As a result of the exploratory factor analysis conducted for the 15-item "Responsibility"
subscale, it was seen that the factor loadings of items 1 and 8 of the scale were below .30 and these two
items were removed. With the removal of these items, it was seen that all items were gathered under a
single factor and the factor loadings were above .30. The total variance explained is 71.19%.

The exploratory factor analysis for the 20-item "Openness" subscale showed that item 19 had
factor loadings of .51 under factor 1 and .31 under factor 2. The difference between the two loadings of
the items should be at least .10. With the 14th item removed, it was seen that all items of the scale were
gathered under a single factor and the factor loadings were above .30.

For the 15-item "Answerability" subscale, exploratory factor analysis was conducted and it was
seen that the factor loadings of all items were above .30 and the items were gathered under a single
factor.

Cronbach's Alpha reliability analysis was conducted to determine the reliability coefficient of
the scores obtained from the "leader accountability™ scale. Cronbach's Alpha reliability coefficients for
the sub-dimensions of the scale were found to be .96 for the Responsibility sub-dimension, .97 for the
Answerability sub-dimension and .98 for the Openness sub-dimension. It was concluded that the
reliability coefficient of the Leader Accountability scale and its sub-dimensions were high and the scale
was reliable for the research group Biiyiikoztiirk (2007).
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“Ethical Climate Scale” was used to determine the ethical climate perception levels of
academicians. The ethical climate scale developed by Victor and Cullen (1987, 1988) theoretically
consists of nine dimensions. The "ethical climate scale" has been used in many studies since 1987. Five
climate types were empirically found to provide the most data (Ozen and Dukan, 2016; Viacey and
Barnett 1996; El¢i and Alpkan, 2006; Kili¢, 2013). Self-interest and organizational interest climates
were classified as "instrumental climate"; friendship and team benefit climates were classified as "caring
climate”, while social responsibility and efficiency dimensions were not included in the classification
(Martin and Cullen, 2006). In this study, the ethical climate scale by Kili¢ (2013) was used. Exploratory
factor analysis was conducted to analyze the construct validity of the scale.

As a result of the analysis, the factor loadings of item "In this organization, employees who
increase their individual gains (interests) are considered successful by other employees" in the
"Individual Interest” climate dimension; the item "In this organization, employees who increase their
individual gains are considered successful by other employees” in the "Organizational Interest"
dimension and the item "In this organization, a job or practice that starts to harm the interests of the
organization is not welcomed by the employees" in the "Organizational Interest" dimension; "In this
institution, employees are always expected to do things that will benefit citizens and society" in the
"Social Responsibility” dimension; "In this institution, employees' level of compliance with legal and
professional standards is considered the most important performance criterion" in the "Professionalism"
dimension were found to be below ,30. With the removal of those items, it was seen that the factor
loadings of all items were above .30 and were gathered under 6 factors and these six factors explained
61.50% of the total variance.

Analysis of Data

SPSS program was used to analyze the data. Descriptive statistical methods (Number,
Percentage, Mean, Standard Deviation) and relational analysis (regression analysis, correlation analysis)
were used to analyze the data. After the normal distribution tests were applied, a t-test was conducted to
examine the levels of leader accountability and ethical climate perceptions of academicians in terms of
the state/foundation status of the university The calculation developed by Cohen (1988) was used to
calculate the effect size. Cohen put forward the following ranges regarding the strength of the effect size

(d):
d<0.2 small effect size
d>0.5 medium effect size
d>0.8 large effect size

Correlation analysis was conducted to examine the relationship between leader accountability
and ethical climate. Pearson correlation analysis was used to examine the relationships between the
dimensions of the scales, and regression analysis results were included for the relationships between the
sub-dimensions of the factors.

Pearson correlation analysis was conducted to determine the relationship between perceived
leader accountability behaviors and perceived organizational ethical climate types. Correlation analysis
reveals whether there is a linear relationship between two numerical measurements, and if so, what is
the direction and severity of this relationship. Pearson correlation coefficient is preferred if the data are
normally distributed, and Spearman Rank correlation coefficient is preferred if the data are not normally
distributed (Biiyiikoztiirk, 2007).

For a valid correlation coefficient the p value must be less than 0.05. A negative (inverse)
correlation occurs when the correlation coefficient is less than 0. This is an indication that both variables
move in the opposite direction. If the coefficient is a positive number, the variables are directly
related (i.e., as the value of one variable goes up, the value of the other also tends to do so). Values
always range from -1 for a perfectly inverse, or negative, relationship to 1 for a perfectly positive
correlation. Values at, or close to, zero indicate no linear relationship or a very weak correlation
(Biiytikoztiirk et al., 2010). In the correlation analysis, the Bonferroni method was used to minimize
Type 1 error (Green and Salkind, 2004), and the significance level (0.05) was based on the value of
0.004 obtained by dividing the calculated correlation number (11).
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Regression analysis describes the process of explaining the relationship between two or more
variables that have a relationship between them with a mathematical equation by separating one of them
as a dependent variable and the others as independent variables. In regression analysis;

v’ If the dependent variable is one and the independent variable is one, the method is called Simple
Regression Analysis,

v Multiple Regression Analysis if the dependent variable is one and the independent variable is
two or more,

v' If the dependent variable is two or more, it is called Multivariate Regression Analysis
(Biiyiikoztiirk, 2007).

Effect size is generally defined as the magnitude of the difference between the null hypothesis
and the alternative hypothesis. This is an indicator of the practical significance of the research results.
The effect size was calculated using Cohen's f2 statistic. The f2 value is calculated as follows:

R2
2
I =1ip
Cohen’s (1988) effect size values:
> 0.02< £2<0.15 small effect size
> 0.15<f%<0.35 medium effect size
> 0.35<f2-> large effect size
Results

Leader Accountability Perception Levels

Descriptive statistical analyses and t-test results for the leader accountability dimensions of

"answerablity", "responsibility" and "openness" are given.

Table 2. Descriptive statistics of the leadership accountability perception levels of academicians

Scale Dimensions University type N X Ss
Openness State 319 3.21 1.14
Foundation 93 3.68 1.09
Total 412
Leader Accountabiity Answerability  State 319 3.15 1.10
Foundation 93 3.64 1.05
Total 412
Responsibility  State 319 3.08 1.11
Foundation 93 3.62 1.03
Total 412

As could be seen in Table 2, leader accountability behaviors are perceived at a high level (X =
3.40- 4.19) for "Responsibility", "Answerability" and "Openness" dimensions in foundation universities
and at a medium level (X = 2.60- 3.39) in state universities. A t-test was conducted to determine whether
the difference between the mean levels of perceived leader accountability behaviors for all three sub-
dimensions according to the state/foundation status of the university was significant (Table 3, Table 4,
Table 5).

Table 3. The comparison of the leader openness behaviors perception levels of academicians regarding university
status variable (the results of t-test)

Sub-scale Dimension N X Ss df t p d

Openness State 319 3.21 1.14 155 -3.62 .00 0.60
Foundation 93 3.68 1.09

According to the results of the t-test conducted to determine whether the difference between the
mean levels of leader openness behaviors was statistically significant or not, the difference was found
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to be significant (p<.05). When the effect value was calculated, a value of 0.60 was obtained. This value
indicates that the effect size of the difference between the two groups is moderate.

Table 4. The comparison of the leader answerability behaviors perception levels of academicians regarding
university status variable (the results of t-test)

Status N X Ss df t p d

Answerability ~ State 319 3.15 1.10 156 -3.89 .00 0.65
Foundation 93 3.64 1.05

As could be seen in Table 4, the level of perception of the leader's answerability behaviors
differs significantly according to the state/foundation status of the university where the participants work
(p<.05). When the effect size was calculated, a value of 0.65 was obtained. It is seen that the effect size
of the difference between the two averages is at a medium level.

Table 5. The comparison of the leader responsibility behaviors perception levels of academicians regarding
university status variable (the results of t-test)

Sub Scale Status N X Ss df t P d

Responsibility State 319 3.08 1.11 159 -435 .00 72
Foundation 93 3.62 1.03

*p<.05

As could be seen in Table 5, the level of perception of leader's responsibility behaviors differs
significantly according to the state/foundation status of the university (p<.05). When the effect size was
calculated, d=0.72 was obtained. Accordingly, it is seen that the effect size of the difference between
the averages of "Responsibility"” behaviors of academicians working in state and foundation universities
is high.

Regression analysis was conducted to reveal whether the type of university (state/foundation) is
a significant predictor of leader accountability level and the results are presented in Table 6.

Tablo 6. Results of regression analysis for predicting leader accountability level regarding university status

Predictor variables B SH B t p R R? AR? F f?
Constant 2.68 0.16 394 16.74 .00 A9 .03 .03 15.57
un.type 48 0.12 19 .03
*p<0.05

Table 6 shows that the state/foundation status of the university is a significant predictor of the
perceived level of leader accountability (R?=0.03; F=15.57; p<0.05). It can be said that 0.03% of the
total variance of leader accountability level is explained by the type of university. The effect size was
calculated using Cohen's f2statistic. As a result of the calculation, the f?value was found to be 0.03.
Accordingly, it is seen that the effect value is small and the effect of university type on predicting the
level of leader accountability is at a low level.

Ethical Climate Types Perception Levels

In the analyses conducted to seek an answer to the question "What are the perceived types of
ethical climate in engineering faculties of universities?", it was found that the perceived types of ethical
climate were as follows: "Individual interest" climate at medium level (X =3. 35), "Organizational
interest” climate at medium level (X '=2.95), "Friendship" climate at medium level (X=2.94),
"Independence” climate at medium level (X =3.08), "Rules" climate at high level (X =3. 40), "Laws and
Codes" climate was perceived at a high level (X =3.59). In the analyses made for the perceived ethical
climate types, "Individual Interest”" climate at a medium level (X =3.35), "Organizational Interest"
climate at a medium level (X =2. 95), "Friendship" climate at medium level (X =2.94), "Independence"
climate at medium level (X =3.08), "Rules" climate at high level (X =3.40), "Laws and Codes" climate
at high level (X =3.59).

114



Journal of Education, Theory and Practical Research 2023, Vol 9, Issue 2, 108-121 Neriman OZTURK, Banu ERGIN

Table 7. Descriptive statistics for ethical climates types perception levels

Scale Dimensions Un.type N X Ss
Individual Interest State 319 3.44 1.12
Foundation 93 3.07 1.08
Total 412 3.35
Organizational Interest ~ State 319 2.89 74
Foundation 93 3.16 .81
Total 412 2.95
Friendship State 319 2.86 .84
Foundation 93 3.21 .87
Total 412 2.94
Ethical climate Independence State 319 3.10 .89
Foundation 93 3.00 .88
Total 412 3.08
Rules State 319 3.28 .97
Foundation 93 3.80 .93
Total 412 3.40
Laws and codes State 319 3.51 91
Foundation 93 3.85 .93
Total 412 3.59

A t-test was conducted to determine whether the difference between the perceived ethical
climate types in public and foundation universities was significant (Table 8). Accordingly, the difference
between the averages of "Individual Interest”, "Friendship”, "Organizational Interest”, "Rules" and
"Laws and Codes" was found to be significant (p<0.05), but not significant for "Independence" ethical
climate type (p|>0.05).

Table 8. Independent t-test results of percieved ethical climate types according to university type variable

Dimension University type N X Ss df t p d

Individual interest State 319 3.44 1.12 153 2.86 .00 0.48
Foundation 93 3.07 1.08

Organizational interest ~ State 319 289 74 142 -3.21 .00 0.67
Foundation 93 3.16 .81

Friensdship State 319 2.86 .84 145 -3.45 .00 0.58
Foundation 93 3.21 .87

Independence State 319 3.10 .89 149 .96 .33 -
Foundation 93 3.00 .88

Rules State 319 3.28 .97 153 -4.69 .00 0.77
Foundation 93 3.80 .93

Laws and codes State 319 3.51 91 146 -3.10 .00 0.60

Foundation 93 3.85 .93

*p<0.05

It is seen that the effect size for the difference between the groups for "Individual Interest",
"Organizational Interest”, "Friendship" and "Laws and Codes" ethical climate types is moderate, while
the effect size for the difference between the groups for "Rules” ethical climate type is high (d=.77).

Simple linear regression analysis was conducted to reveal the effect of the state/foundation
status of the university on the perceived level of ethical climate.

Tablo 9. Results of regression analysis for predicting ethical climate level regarding university status

Predictor VariablesB ~ SH B t p R R2 AR? F f?
Constant 291 069 4233 .00 .00 16 .02 0.02 1202
un.status .18 .05 3.46 .02

*p<0.05
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Table 9 shows that the state/foundation status of the university is a significant predictor of the
perceived ethical climate level (R>=0.02; F=12.02; p<0.05). It can be said that 0.02% of the total
variance related to the level of ethical climate is explained by the status of university. Cohen's f2 statistic
value was found to be 0.02. According to this, it is seen that the effect value is small and the prediction
effect of the status of university on the level of ethical climate is at a low level.

Examining Leader Accountability-Ethical Climate Relationship

Pearson correlation analysis was conducted to determine the relationship between perceived
leader accountability behaviors and perceived organizational ethical climate types.

Tablo 10. Correlation between leader accountability behaviors and ethical climate types

Leader Accountability Responsibility Opennes  Answerability
r .58 .59 .55 .55
Laws and codes p .00 .00 .00 .00
N 412 412 412 412
r 54 .56 51 .52
Friendship p .00 .00 .00 .00
N 412 412 412 412
r -.05 -.05 -.06 -.06
Independence p .08 .09 .06 1.22
N 412 412 412 412
r 42 45 .38 40
Organizational P .00 .00 .00 .00
interest N 412 412 412 412
r -.46 -46 -.45 -43
Individual P .00 .00 .00 .00
interest N 412 412 412 412
r .56 .56 .53 .54
Rules P .00 .00 .00 .00
N 412 412 412 412
r 48 .50 44 A7
Ethical climate P .00 .00 .00 .00
N 412 412 412 412

*p< 0.05

Table 10 shows the correlation results between the variables in the study. Accordingly, it is seen
that there is a significant, positive, medium level relationship between the level of perceived leader
accountability behaviors and the level of perceived organizational ethical climate (r=.48; p .00).

When the correlation between perceived ethical climate level and perceived ethical climate types
is examined, the highest correlation is revealed between “Rules” climate and perceived organizational
ethical climate level (r=.78), followed by “Laws and Codes” climate (r=.76). There is a strong positive
correlation between “Organizational Interest” and “Ethical climate” level (r=. 70), there is a strong
positive correlation between “Friendship” and “Ethical climate” level (r=.67), there is a moderate
positive correlation between “Independence” and “Ethical Climate” level (r=.34), and there is a low
negative correlation between “Individual Interest” climate type and perceived ethical climate level (-
.16).

In general, it is understood that "openness (r=.98)", "answerability (r=.97)" and "responsibility
(r=.96)" behaviors play a significant role in increasing the perception level of leader accountability
behaviors.
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Table 11. Results of regression analysis for predicting leader accountability level regarding ethical climate types

Predictors B SH B t p R R? AR? F f?
Constant 1.57 .35 4.44 4.47 .00 .65 42 41 .95 72
Individual -.16 .05 -14 -3.07 .00
interest
Organizational -.12 .07 -.09 -1.68 .09
interest
Independence  -.03 .04 -.03 -.78 43
Friendship 37 .09 .28 4.05 .00
Rules -.05 .07 -.04 -73 46
Laws and 51 .06 43 7.84 .00
codes
*p<0.05

The theoretical model in determining the dependent and independent variables is based on
literature review. The results of the linear regression analysis on the extent to which ethical climate types
predict the level of leader accountability are presented in Table 11. As could be seen in Table 11 the
variance explained by ethical climate types on the level of leader accountability is significant (F=49.95,
p<0.05). Accordingly, when “individual interest", "organizational interest", "independence”,
"friendship”, "rules™, "laws and codes" ethical climate types are taken together, they explain 42.5% of
the total variance related to the level of leader accountability behaviors (R?=.42; Adjusted R?=.41;
p<0.05). The effect size was calculated using Cohen'sf? statistic. As a result of the calculation, the

f*?value was found to be 0.72. This value is close to the high level (Cohen, 1988).

When the parameters related to the regression model are examined, the standardized regression
coefficients § show that the order of importance of ethical climate types on the level of explaining the
level of leader accountability is; "laws and codes" (B=.43; t=7. 84; p<.05), "friendship" (p=.28; t=4.05;
p<.05), "individual interest" (p=-.14; t=-3.07; p<.05), "organizational interest" (=-0.96; t=-1.68;
p>.05), "rules" (B=,-0.46; t=-.73; p>.05), "independence" (=-.03; t=-.78; p>.05). When the t-test results
regarding the significance of the regression coefficients are analyzed, it is seen that "laws and codes",
"friendship", "self-interest" climate types are the variables predicting the level of leader accountability
(p<.05).

According to the regression analysis results, the regression equation for explaining the level of
leader accountability is as follows:

Leader Accontability =1,57- 0,16(Individual Interest)- 0,12(Organizational Interest) —
0,37(Independence) + 0,37(Friendship) — 0,05(Rules) + 0,51(Laws and Codes)

As a result of multiple linear regression analysis, it was found that "laws and codes" ethical
climate type and "friendship" ethical climate type had a significant and positive effect on leader
accountability behaviors, "individual interest" ethical climate type had a significant and negative effect

on leader accountability behaviors, "organizational interest", "independence" and "rules" climates did
not have a significant effect on leader accountability behaviors.

Tablo 12. Results of regression analysis for predicting ethical climate level regarding leader accountability
behaviors

Predictors B SH B t p R R? AR? F f?
Constant 2.55 .06 4150 .00 .652 .25 24 43.50
Responsibility .22 .04 .56 4.70 .00

Openness -.10 .06 -.27 -1.77 .07 .33

Answerability .08 .05 .20 13 .06

*p<0.05

Table 12 shows that the variance explained by leader accountability behaviors on the level of
ethical climate is significant (F=43,501, p<0.05). Accordingly, "responsibility”, "openness" and
"answerability" behaviors together explain 25.4% of the total variance of ethical climate level (R2=.25;
Adjusted R2=.24; p<0.05). When the parameters related to the regression model are examined, the
standardized regression coefficients p show that the order of importance of leader accountability
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behaviors on the level of explaining the level of ethical climate is; "responsibility" (p=.56; t=4.70;
p<.05), "openness" (B=-.27; t=-1.77; p>.05), "answerability" (B=-.20; t=.13; p>.05). The effect size was
calculated using Cohen's /2 statistic. As a result of the calculation, the A2 value was found to be 0.33.
It is seen that this value is a moderate value (Cohen, 1988). When the t-test results regarding the
significance of the regression coefficients are analyzed, it is seen that "responsibility” is the variable
predicting the level of ethical climate (p<.05).

According to the regression analysis results, the regression equation for explaining the level of
leader accountability is as follows:

Ethical Climate=2,55 +0,27(Responsibility) — 0,10(Openness) + 0,83(Answerability)
As aresult of multiple linear regression analysis, it was seen that leader responsibility behaviors

had a positive and significant effect on ethical climate, while openness and answerability behaviors did
not have a significant effect (Figure 1).
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Figure 1. Leader accountability-ethical climate relationships

Discussion, Conclusion and Suggestions

In this study, the main purpose of which is to examine the relationship between leader
accountability behaviors and ethical climate in universities based on the opinions of academicians it was
observed that there were significant differences between public and foundation universities in terms of
both perceived ethical climate and leader accountability behaviors. According to the findings, "laws and
codes" climate type is perceived at a high level in both university types. It is noteworthy that "self-
interest” climate type is perceived at a high level in public universities. "Self-interest" climate type is a
climate type in which employees prioritize their own interests above everything else and act according
to their own interests even to the detriment of others. Research has shown that the "self-interest"” climate
type is the climate type that causes unethical behaviors the most (Wimbush et al., 1997, as cited in
Appelbaum, 2005). It seems to be a contradiction that both the "laws and codes" climate and the "self-
interest” climate type are perceived at high levels in state universities. Accordingly, there is a perception
that decisions are made according to universal external references such as laws and professional rules,
and at the same time there is a perception that personal interests are at the forefront in decision making.
Accordingly, it can be said that academics at state universities have a perception that the operation of
laws, codes and rules is carried out by giving priority to certain individuals and groups, and that personal
relationships are at the forefront.

The difference between the averages of perceived ethical climate types in public and foundation
universities is not significant for "Independence"” climate type, but it is significant for other climate
types. When the effect size of the difference is calculated, it is seen that the effect size of the difference
was high for the "Rules"” climate type and medium for the other ethical climate types. As a result of the
regression analysis, it was concluded that the status of the university is a significant predictor of the
perceived ethical climate type, but the effect size (f2) was low. In the literature, it is seen that the for-
profit / not-for-profit status of the organization is included as a factor affecting the ethical climate (Simha
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and Cullen, 2011; Laratta, 2011; Moore, 2012; Law, 2016), in this respect, it can be said that the findings
obtained from this study support the findings obtained from previous studies.

It was observed that academicians working at state universities perceived leader accountability
behaviors at a medium level for all three sub-dimensions (responsibility, openness, answerability), while
academicians working at foundation universities perceived leader accountability behaviors at a high
level. The difference between the mean perceptions of leader accountability of academicians working
at public and foundation universities was significant for all three behaviors, and the effect size of the
difference was found to be high for responsibility behaviors and medium for openness and answerability.
It was concluded that university type was a significant predictor of perceived leader accountability, but
the effect size (f2) was low.

Another important result of the study is that leader accountability level predicts ethical climate
and ethical climate types predict leader accountability behaviors. As a result of the regression analysis,
it was revealed that "Code of Laws" climate, "Friendship" climate and "Self-Interest" climate types
predicted perceived leader accountability behaviors level. In other words, high level perception of "Code
of Laws" climate (f=.431, p<.001) and "Friendship" climate (p=.28, p<.05+) predicts high level
perception of leader accountability, while high level perception of "Individual Interest" climate (p=-.145
p<.001) predicts low level perception of leader accountability behaviors.

On the other hand, the level of perceived leader accountability can also affect the level of
perceived ethical climate. The findings show that the level of perceived leader accountability behaviors
predicts the level of perceived ethical climate. Wood and Winston (2007) defined the responsibility
dimension of leader accountability as "willingness to lead, make decisions and take actions for the
benefit of the organization". Pless (2007) identified six key characteristics that form the moral
foundation for accountability in leaders: being a visionary, building strong relationships (networker),
being a change agent, being a storyteller, being a servant, having strong values, and being an active
member of the community. According to Schlenker, Britt, Pennington, Murphy, Weigold, and Doherty
(as cited in Thompson, 2013), who are leading theorists of individual accountability, felt responsibility
is the most important element of the accountability process. In this context, it can be said that the findings
of this study support the previous research findings. It can be said that by defining the responsibility
behaviors of leaders within the organization, especially by reinforcing behavior sets such as working for
the benefit of the organization, keeping the interest of the organization above all else, and taking
responsibility for the consequences of their actions, it can positively affect the perception of ethical
climate.

There is no study in the literature that directly reveals the effect of leader accountability
behaviors on ethical climate. However, many studies have shown that leader behaviors are among the
most important factors affecting the ethical climate. According to the ethical leadership theory, leaders
who exhibit ethical leadership influence their employees. In order for leaders to be seen as attractive,
trustworthy and legitimate role models by their employees, their behaviors should be evaluated as the
right behaviors by the followers (Brown et al., 2005). When leader accountability is considered as an
ethical behavior, it is seen that the findings obtained in the study support previous research findings
(Bandura, 1986, Brown et al., 2005, Shin et al., 2015, Thompson, 2013) that reveal the relationship
between leader ethical behaviors and ethical climate. In this respect, it can be said that the findings
support the results of previous research.

In relation to ethical leadership, leader behaviors are usually expressed in abstract terms such as
"honest”, "trustworthy”, "role model" behaviors. Leader accountability is expressed as proactive
behaviors in establishing trust in the leader. From this point of view, this study is important in terms of
revealing that leader accountability behaviors, that is, the perception by followers of the leader's
willingness to lead, decide and take action for the benefit of the organization, predicts the level of
perceived ethical climate.

Suggestions
» In establishing leader accountability mechanisms, it would be useful to work on
establishing mechanisms not only for organizational/formal/ accountability

mechanisms but also for individual and downward accountability. For this purpose, it
may be useful to open communication channels, to create ways for employees to
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question, criticize and complain about management decisions, to ensure broad
participation of employees in decisions, to ensure that leaders explain the reasons for
their actions and decisions, and to ensure that they take responsibility for the
performance results achieved.

» Inorder to develop the "Laws and Codes" ethical climate type in universities, ways such
as making the laws and codes clear, making them known to everyone, basing the
decisions taken on the laws and codes and explaining the reasons for the decisions,
creating and sharing codes at the level of departments in universities, explaining the
importance of acting in accordance with the laws and codes to everyone and making it
clear that the message that the contrary will not be accepted by the senior management
can be followed.

» The least unethical behavior occurs in the "Friendship™ climate. Ethics training
programs can be developed to improve the climate of “friendship”, and values such as
cooperation, teamwork, supporting each other and caring for each other's well-being
can be brought to the forefront at the institutional level.

» The research was conducted in engineering faculties of universities. There is a need to
investigate the phenomena of leader accountability, ethical climate and organizational
power distance in other faculties as well.

» There is a need for in-depth qualitative research on the factors that are effective in the
perception of the "self-interest™ ethical climate type at high levels in public universities.
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Tiirkiye’deki Universitelerde Lider Hesap Verebilirligi ve Etik iklimin
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Oz

Anahtar Kelimeler

Bu c¢alisma ile etik liderligin hesap verebilirlik boyutu ile etik iklim iliskisinin
belirlenmesi amaglanmaktadir. Arastirmada tekil ve iligkisel tarama yoOntemi
kullanilmistir. Aragtirmanin evreni Marmara Bolgesi’nde yer alan iiniversitelerin
miihendislik fakiiltelerinde gorev yapan akademisyenlerden olusmaktadir.
Verilerin toplanmasinda “Lider Hesap Verebilirligi ve “Etik Iklim” 6lcekleri
kullanilmustir.  Veriler, Survey Monkey programi araciligryla toplanmustir.
Verilerin analiz edilmesinde betimsel istatistikler, korelasyon, regresyon
analizinden yararlanilmistir. Elde edilen bulgulara gore tiniversitelerde lider cevap
verebilirlik davraniglari, sorumluluk davranislart ve aciklik davraniglar orta
diizeyde algilanmaktadir. En fazla algilanan orgiitsel etik iklim tipleri “kanunlar
ve kodlar” ve “kurallar”, en az algilanan orgiitsel etik iklim tipleri “orgiitsel ¢ikar”
ve “arkadaslik” etik iklim tipleridir. Algilanan etik iklim tipleri iiniversitenin
devlet-vakif olma durumuna gére anlamli sekilde farklilasmaktadir. Algilanan
lider hesap verebilirlik davranislar1 diizeyi ile algilanan orgiitsel etik iklim diizeyi
arasinda pozitif yonlii orta diizeyde bir iligki vardir. Algilanan orgiitsel etik iklim
diizeyini lider hesap verebilirlik davraniglarindan sorumluluk davranist
yordamaktadir. Etik iklim tiplerinden “kanunlar kodlar”, “arkadaslik” ve “bireysel
cikar” etik iklim tipleri lider hesap verebilirlik diizeyini yordamaktadir.
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Giris

Y onetim biliminde etik konusunun 6neminin fark edilmesiyle birlikte, ¢calisanlarin etik veya etik
dis1 davraniglarina neden olan bireysel ve orgiitsel etkenlerin incelenmesi 6nem kazanmigtir. Etik iklim
teorisine gore (Victor ve Cullen, 1987, 1988), algilanan orgiitsel etik iklim, orgiitte hangi davranisin
dogru olduguna dair inanglar1 yansitir ve ¢alisanlarin etik karar vermeleri ve etik davranislar ortaya
koymalarini etkiler (Sims, 1992). Calisanlar hem formal hem de informal sosyalizasyon yoluyla nasil
davranacaklarini, hangi degerlerin 6nemli oldugunu ve ddiillendirildigini 6grenirler (Victor ve Cullen,
1987). Olumlu etik iklim algis1 ¢alisanlarin orgiitsel baglilik, is memnuniyeti ve psikolojik iyi oluslarim
anlaml sekilde olumlu etkilerken, islevsiz davraniglarin olusmasini engellemektedir (Martin ve Cullen,
2006). Etik iklim teorisi (Victor ve Cullen, 1988), alt1 temel orgiitsel etik iklim tipi ortaya koymaktadir.
Bunlar bireysel ¢ikar, orgiitsel ¢ikar, onemseme, bagimsizlik, kurallar ve kanunlar/kodlar iklimleridir.
Bu iklim tiplerinden bireysel ¢ikar etik iklim tipinin en fazla etik dis1 davranisa neden olan iklim tipi
oldugu goriilmiistiir (Wimbush ve Shepard, 1994). Bireysel ¢ikar 6rgiit ikliminde ¢alisanlarin, kararlarin
oncelikli olarak kisisel ¢ikarlar dogrultusunda alindigina dair algty1 ifade etmektedir (Victor ve Cullen,
1988). Etik iklimin olusumunda hangi faktorlerin etkili oldugu 1950°li yillardan itibaren incelenen bir
konu olmustur. Etik iklimin olusumunda rol oynayan belli bash faktorler, drgiitsel yapi, orgiitiin dig
baglami ve stratejik ve yonetsel yonelimler olarak siiflandirilmistir (Martin ve Cullen, 2006). Mayer
vd. (2009) ’e gore etik, list yonetim diizeyinde baslar ve ¢alisan davraniglarini etkilemek i¢in daha diistik
yonetim diizeylerine iner. Yonetimde etik liderlik s6z konusu oldugunda orgiitte istenmeyen
davraniglarin azaldig1 goriilmiistiir (Gill vd., 2015, Kuenzi vd., 2009, Mayer vd., 2010, akt. Guarin,
2019). Etik liderlik teorisi, liderlerin etik davramislarinin ¢aliganlarin etik karar ve eylemlerini
etkiledigini ortaya koymaktadir (Brown ve Trevino, 2006). Etik liderlik, etkisini, sosyal 6grenme
yoluyla (Bandura 1977, 1986, akt. Steinbauer, 2014) kullanir. Etik liderler, uygun davraniglari
sergileyerek, ileterek ve pekistirerek bir organizasyondaki etik tonu belirlerler. Takipgilerine adil
davranirlar, 6rnek teskil ederler, moral degerleri kuvvetli bir sekilde yonetirler ve ideallestirilmis etki
uygulamalarini saglayan igsellestirilmis bir ahlaki perspektife sahiptirler (Brown vd., 2005, Walumbwa
vd., 2008; akt. Steinbauer, 2014). Etik liderler, giiciinii digerlerinin ve 6rgiitiin yararina kullanan (Gini,
1998; Kanungo, 2009; Randall, 2012), kisiler arasi iligkilerde uygun tutum ve davranig sergileyen
(Brown vd., 2005), diiriist ve hesap veren liderlerdir (Nei vd., 2018). Hesap verebilirlik boyutlarindan
biri olan lider hesap verebilirligi, 6nemli bir etik davranig olarak karsimiza ¢ikmaktadir (Foy, 2019, Nei
vd., 2018). Lider hesap verebilirligi teorisini ortaya koyan Wood ve Winston (2007), ii¢ temel lider
hesap verebilirlik boyutu tanimlamiglardir. Bunlar, sorumluluklarin kabulii konusunda riza gdsterme,
aciklik ve cevap verebilirliktir. Giiniimiizde hesap verebilirlik yoluyla liderlerin etik davraniglar
sergilemeleri desteklenmeye calisiimakta ve lider hesap verebilirligi, is etigini gelistirmenin temel
yollarindan biri olarak kabul edilmektedir (Petrick ve Quinn, 2001). Liderin hesap verebilirliginin
ampirik olarak Ol¢iilmesi 6nem kazanmakla birlikte bu alanda ¢ok az ¢alisma oldugu, lider hesap
verebilirligi ile etik iklim iligkisine dair ise literatiirde bosluk oldugu goriilmektedir. Universite egitimi
kiiresel diizeyde Ogrenci sayilarmin artmasi, hizmet saglayicilarin gesitlenmesi, egitim 6gretimde
teknolojinin kullanilmas1 gibi unsurlar bakimindan genislemektedir. Bu genisleme ile elit bir yapidan
kitlesel bir yapiya evrilen yiiksekogretim i¢in bazi riskler dogmaktadir. Bunlar, standartlarda diisiis,
yaglanan akademik iggiicii, planlama eksikligi ve yetersiz kaynaklar olarak siralanabilir. Bu alanda az
arastirilan konularin basinda etik ve moral degerler gelmektedir. Yiiksekdgretim kurumlariin
kitlesellesmesi ile kurumlarin etik ve moral degerlerinin sorgulanmasmi gerektiren uygulamalara
siklikla rastlanmaya baslanmistir. Bunlar, etik olmayan uygulamalar, iiniversitelerin 6zerk akademik
kurumlardan isletme odakli kurumlara donilismeleri, 6grenci degerlendirmelerinde standartlarin
yumusatilmasi, siipheli egitim saglayicilari, uluslararasi egitim alaninda ve bazi durumlarda 6grenci
alimlarinda yapilan hileler olarak siralanabilir (Prisacariu ve Shash, 2016). Diinya {iniversite
siralamalarinda Tirk tiniversitelerinin {ist siralarda yer alamamasi (cwur.org/2018-19.php), makale ve
atif say1sinin diigiik olmas, intihal oranlarimin yiiksek olmasi (Toprak, 2016, Yalgintas ve Selguk, 2016,
Yalgintas, 2017) iiniversitelerin akademik ve ydnetsel 6zerklik sorunlar (Biger, 2006, Celik ve Giir,
2014; Oztiirk, 2004) mobbing (Civilidag, 2011, Cdgenli, 2013, Konakl1, 2011, Tanriverdi, 2016) gibi
konular son yillarda Tiirkiye’de iiniversitelerin baslica sorunlari olarak karsimiza ¢ikmaktadir. Yiiksek
nitelikli ve yaratici insan giiciinii yetistirmesi beklenen {iniversitelerde akademik ve kurumsal isleyis
anlaminda yenilik¢i, degisimleri takip eden ve hizli bir sekilde kendini bu degisimlere uyarlayan, diinya
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tiniversiteleri ile rekabet edebilen bir yapiya sahip olmasi ¢ok dnemlidir (Erdogan, 2014, Tekeli, 2012;
Yamamato, 2018).

Universitelerde lider hesap verebilirlik davranislari ile etik iklim iliskilerinin incelenmesi bu
caligmanin problemini olusturmaktadir. Calismanin alt problemleri sunlardir:

1. Universitelerde lider hesap verebilirlik davranislar1 ne diizeyde algilanmaktadir? Kurumun
devlet/vakif olma durumuna gore anlamli bir fark var midir? Kurumun devlet/vakif olma
durumu lider hesap verebilirlik davraniglar diizeyini yordamakta midir?

2. Universitelerde etik iklim tipleri ne diizeyde algilanmaktadir? Kurumun devlet/vakif olma
durumuna gore anlamli bir fark var midir? Kurumun devlet/vakif olma durumu etik iklim
diizeyini yordamakta midir?

3. Algilanan lider hesap verebilirligi ile etik iklim arasinda anlamli bir iliski var midir?

Yontem
Arastirmanin Modeli

Arastirmanin amaci, liniversitelerde gorev yapan akademisyenlerin goriislerine dayali olarak
lider hesap verebilirlik davranislari-etik iklim iliskilerini incelemek oldugundan arastirmada iliskisel
tarama modeli kullanilmistir. Universite calisanlarinin algiladiklar: lider hesap verebilirlik diizeyi ve
etik iklim diizeyi ile aralarindaki iligkiler incelenmistir.

Arastirma Grubu

Aragtirmanin evreni, Marmara Bolgesi’'nde bulunan devlet ve vakif {tniversitelerinin
miihendislik fakiiltelerinde gérev yapan 6gretim iiyeleri, 6gretim gorevlileri ve aragtirma gorevlileridir.
2017-2018 egitim 6gretim yili YOK istatistiklerine gére Marmara Bolgesi icerisinde, miihendislik
fakiiltelerine sahip toplam 56 iiniversitenin miihendislik fakiiltelerinde toplam 3691 akademisyen gorev
yapmaktadir. Bunlardan 2431’1 devlet iniversitelerinde 1260’1 da vakif iniversitelerinde gorev
yapmaktadir.

Orneklem biiyiikliigiinii belirlemek i¢in ana kiitle biytkligi belli olan evren i¢in asagidaki
minimum 6rneklem hesaplama formiilii (Ozdamar, 2003) kullanilmis ve &rneklem biiyiikligi %95
giiven araliginda e=5 hata payi ile 348 olarak bulunmustur.

B Nt?pq
TTEN—D 1 t2pq

[{3% 1]

n” : 0rnekleme alinacak akademisyen sayisi

@ 99,

q”: incelenen olayin gergeklesme olasiligi (0.5)
“f: belirli bir anlamlilik diizeyinde, t tablosuna goére bulunan teorik deger
“t” =1,96 (t tablosundan bulunmustur: 0=0.05 i¢in 1.96)

“d”: olayin goriis sikligina gore kabul edilen 6rnekleme hatasi (.05)

3691.(1,96).(1,96).0,5.0,5

X = = 348
0,05.0,05(3691—1)+1,96.1,96.0,5.0,5

Katilmcilarin %35.2°s1 kadin, %64.5’1 erkektir. Devlet {iniversitelerinde goérev yapanlarin
sayis1 319, vakif tiniversitelerinde gorev yapanlarin sayist 93’tlir. Katilimeilarin %15.8’1 20-30 yas
araliginda; %37.5’1 31-40, %22.9’u 41-50, %14.6’s1 51-60 ve %5.8’1 61-70 yas araliginda yer
almaktadir. %70.8’1 doktora mezunu, %21.9’u doktora 6grencisidir. Arastirmaya katilanlarin %20.04’
profesor, %15.8°1 dogent, %24.1°1 doktor 6gretim liyesi, %21.9’u arastirma gorevlisi ve %12.9’u
okutmandir. Yoneticilik gorevine sahip olan katilime1 orani %24.8°dir.

Katilimcilarin lider hesap verebilirlik davraniglart bakimindan degerlendirmeyi sectikleri
yoneticiye dair dagilim Tablo 1°de yer almaktadir. Tablo 1’de de goriildiigii gibi katilimcilarin en fazla
degerlendirmeyi sectikleri yoneticinin %37.6 ile bolim baskan1 ve %?25.2 ile dekan oldugu
goriilmektedir. En az degerlendirilen yoneticilere bakildiginda %4.10 ile koordinator, %4.34 ile enstitii
miidiiri, %3.88 ile rektor oldugu goriilmektedir.
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Tablo 1. Katilimcilarin degerlendirdikleri yoneticiye iliskin frekans ve yiizde degerleri

Degerlendirilen yonetici Frekans %
Rektor 66 16.1
Boliim Baskani 155 37.7
Dekan 104 25.3
Dekan Yardimcisi 3 0.7
Rektor Yardimcist 9 2.2
Koordinator 9 2.2
Enstiti Midiri 11 2.7
Diger 29 7.1
Bos 26 6.0
Toplam 412 100

“Diger” se¢enegine katilimcilarm verdikleri yanitlar su sekildedir: “Miitevelli ve {ist yonetim”
(%6.8); “Genel, tiim yoneticiler” (%37.9); “Idari birimler” (%3,4) ; “Anabilim dali bagkam” (%10.34);
“Ogretim iiyesi” (%13.79); “Yiiriitiicii” (%3.4); “Rektorlik” (%3.4); “Rektdr, dekan, boliim baskan1”
(N=2); “Supervisor” (%3.4); “Dekan, Boliim baskan1, Anabilim dal: baskan1”, (%3.4); “Dr. Ogr. Gér”
(%3.4); “Tez danismani1” (%3.4). Katilimcilarin en fazla “Boliim Bagkani1” (%37.7) pozisyonundaki
yoneticiyi degerlendirmeyi sectikleri goriilmektedir.

Veri Toplama Araglart

Arastirmada veri toplama araglar1 olarak “Lider Hesap Verebilirligi” ve “Etik Tklim” élgekleri
kullanilmigtir.

Bu aragtirmada, lider hesap verebilirligin 6l¢iilmesinde, Wood ve Winston’in (2005) gelistirmis
olduklar1 “agiklik”, “cevap verebilirlik” ve “sorumluluk” alt dlgekleri kullanilmistir. Olgegin Tiirkgeye
uyarlanarak gecerlik ve giivenirlik ¢alismas1 Oztiirk ve Celep tarafindan (2009) yapilmistir. Gegerlik
giivenirlik calismasi Istanbul’da ilkdgretim okullarinda yapan 143 dgretmenden olusan drneklem ile
gercgeklestirilmistir. Cevap verebilirlik boyutu i¢in Cronbach’s alpha degeri .90; aciklik boyutu igin
Cronbach’s alpha degeri .90 ve sorumluluk boyutu i¢in Cronbach’s alpha degeri .93 bulunmustur.
Cronbach alfa giivenirlik katsayisi 0.00-1.00 arasinda deger almaktadir (Biiytikoztiirk, 2007).

15 maddeden olusan “Sorumluluk™ alt dl¢egi i¢in yapilan agimlayici faktor analizi sonucunda
6lcegin 1. ve 8. maddelerinin faktor yiiklerinin .30’un altinda deger aldig1 goriilmiis ve bu iki madde
cikarilmigtir. Bu maddelerin ¢ikarilmasi ile tiim maddelerin tek bir faktor altinda toplandigi ve faktor
yiiklerinin .30’un iizerinde oldugu goriilmiistiir. Agiklanan toplam varyans %71.19°dur.

20 maddeden olusan “Aciklik™ alt 6l¢egi igin yapilan agimlayici faktor analizi sonucunda 19.
maddenin 1. faktor altinda .51, 2.faktér altinda .31 faktor yiiklerine sahip oldugu goriilmiistiir.
Maddelerin iki yiik degeri arasindaki farkin en az .10 olmasi gerekir. 14. maddenin ¢ikarilmasi ile
Olgegin tiim maddelerin tek bir faktor altinda toplandigi ve faktor yiiklerinin .30’un {izerinde oldugu
gorilmistiir.

15 maddeden olusan “Cevap Verebilirlik” alt 6l¢egi icin agimlayici faktdr analizi yapilmis ve
tiim maddelerin faktor yiikii degerlerinin .30’un iizerinde oldugu ve maddelerin tek faktor altinda
toplandig1 goriilmiistiir.

“Lider hesap verebilirligi” 6lgeginden elde edilen puanlarin giivenirlik katsayisini belirlemek
amacityla Cronbach Alfa giivenirlik analizi yapilmistir. Olgegin alt boyutlarina iliskin Cronbach Alfa
giivenirlik katsayilari Sorumluluk alt boyutu i¢in .96; cevap verebilirlik alt boyutu i¢in .97 ve agiklik alt
boyutu i¢in .98 olarak bulunmustur. Lider Hesap Verebilirligi olcegi ile alt boyutlarmin giivenirlik
katsayisinin yiiksek oldugu, Ol¢egin aragtirma grubu igin giivenilir oldugu sonucuna varilmigtir
Biiyiikoztirk (2007).

Arastirmada etik iklim algilarmin diizeyini dlgmek icin “Etik iklim Olgegi” kullanilmistir.
Victor ve Cullen (1987, 1988) tarafindan gelistirilen etik iklim 6lgegi teorik olarak dokuz boyuttan
olusmaktadir. “Etik iklim 6lgegi”, 1987 yilindan bu yana pek ¢ok ¢aligmada kullanilmistir. Ampirik
olarak en cok veri saglayan bes iklim tiirii ortaya konmustur (Ozen ve Dukan,2016; Viacey ve Barnett
1996; El¢i ve Alpkan, 2006; Kilig,2013). Kisisel ¢ikar ve orgiitsel ¢ikar iklimleri “aragsal iklim” olarak;
arkadaglik ve takim yarar iklimleri “6zen gdsterme iklimi” olarak siniflandirilmis, sosyal sorumluluk
ve verimlilik boyutlar1 ise siniflamada yer almamistir (Martin ve Cullen, 2006). Bu calismada Kilig
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(2013)’m calismasinda kullandig etik iklim &lgegi kullamlmustir. Olgegin yapr gecerliligi analizi i¢in
acimlayici faktor analizi yapilmistir. Yapilan analiz sonucunda “Bireysel Cikar” iklim boyutunda yer
alan “Bu kurumda, bireysel kazanimlarini (gikarlarini) artiran g¢alisanlar, diger ¢alisanlarca basarili
sayilirlar”; maddesi; “Orgiitsel Cikar” boyutunda yer alan “Bu kurumda bireysel kazanimlarini artiran
calisanlar, diger ¢alisanlarca basarili sayilirlar” ve “Bu kurumda kurumun ¢ikarlarina zarar vermeye
baglayan bir is ya da uygulama caliganlar tarafindan hos karsilanmaz”; “Sosyal Sorumluluk” boyutunda
yer alan “Bu kurumda calisanlardan daima vatandasin ve toplumun lehine olacak isler yapmalar:
beklenir” maddesi; “Profesyonellik” boyutunda yer alan “Bu kurumda ¢alisanlarin yasal ve mesleki
standartlara uyma diizeyleri en 6nemli performans olgiitii olarak kabul edilir’” maddelerinin faktor
yiiklerin .30’un altinda oldugu gériilmiistiir. Maddelerin ¢ikarilmasi ile tim maddelerin faktor yiiklerinin
.30’un {izerinde oldugu ve 6 faktor altinda toplandigi ve bu alt1 faktdriin toplam varyansin %61.50’sini
acikladig1 gorilmiistiir.

Verilerin Analizi

Verilerin analizinde SPSS programi kullanilmistir. Veriler analiz edilirken betimsel istatistiksel
yontemler (Sayi, Yiizde, Ortalama, Standart Sapma) ve iliskisel analizler (regresyon analizi, korelasyon
analizi) kullanilmistir. Normal dagilim testleri uygulandiktan sonra iniversite ¢alisanlarinin lider hesap
verebilirligi ve etik iklim algilan1 diizeylerinin gorev yaptiklar kurumun devlet/vakif olma durumu
acisindan incelenmesi i¢in t- testi yapilmustir. T-testte grup ortalamalar1 arasindaki farkin anlamli olmasi
durumunda farkin farkin anlamliligin ne diizeyde etkili oldugunu ortaya koymak tizere etki biiytikligii
hesaplanmigtir. Etki biiylikliigliniin hesaplanmasinda Cohen (1988) tarafindan gelistirilen hesaplama
kullanilmistir. Cohen etki degerinin (d) giicii ile ilgili su araliklar ortaya koymustur:

d<0.2 olmasi durumunda etki degeri zayif
d>0.5 olmasi durumunda etki degeri orta
d>0.8 olmas1 durumunda etki degeri yiiksek

Lider hesap verebilirligi-etik iklim arasindaki iliskilerin incelenmesi igin korelasyon analizi
yapilmustir. Olgeklerin boyutlar1 arasindaki iligkileri incelemek i¢in Pearson Momentler Carpimina,
faktorlerin alt boyutlar arasindaki iligkilere yonelik regresyon analizi sonuglarina yer verilmistir.

Algilanan lider hesap verebilirlik davranislari ile algilanan orgiitsel etik iklim tipleri arasinda
iligkilerin belirlenmesine yonelik Pearson korelasyon analizi yapilmistir. Korelasyon analizi iki sayisal
6lciim arasinda dogrusal bir iliski olup olmadigini varsa bu iliskinin y6niiniin ve siddetinin ne oldugunu
ortaya koymaktadir. Verilerin normal dagilima sahip olmasi durumunda Pearson korelasyon katsayisi,
verilerin normal dagilmadigi durumda ise Spearman Rank korelasyon katsayisi tercih edilir
(Biiytikoztiirk, 2007).

Bir korelasyon katsayisinin yorumlanabilmesi i¢in p degerinin 0,05’den daha kii¢iik olmas1
gerekir. Korelasyon katsayisi negatif ise iki degisken arasinda ters iliski vardir, yani "degiskenlerden
biri artarken digeri azalmaktadir" denir. Korelasyon katsayisi pozitif ise "degiskenlerden biri artarken
digeri de artmaktadir" yorumu yapilir. Korelasyon katsayisi degerleri yorumlanirken 0,10 korelasyon
katsayis1 kiiglik, 0.3 korelasyon katsayis1 orta ve 0.5 korelasyon katsayisi biiyiik olarak kabul
edilmektedir (Biyiikoztiirk vd., 2010). Korelasyon analizinde Tipl hatayr minimalize etmek i¢in
Bonferroni metodu kullanilarak (Green ve Salkind, 2004), anlamlilik diizeyi (0.05) hesaplanan
korelasyon sayisina (11) boliinerek elde edilen 0,004 degeri esas alinmigtir.

Regresyon analizi, aralarinda iligki olan iki veya daha fazla degiskenden birinin bagimli
degisken, digerlerinin bagimsiz degiskenler olarak ayrimi ile aralarindaki iligkinin bir matematiksel
esitlik ile agiklanmasi siirecini anlatir. Regresyon analizinde;

v' Bagiml degisken bir, bagimsiz degisken bir ise, yonteme Basit Regresyon Analizi,
v' Bagimh degisken bir, bagimsiz degisken iki veya daha fazla ise Coklu Regresyon Analizi,
v' Bagmml degisken iki ya da daha fazla ise Cok Degiskenli Regresyon Analizi denir
(Biiytikoztiirk, 2007).
Etki biiyiikliigii, genel olarak, yokluk hipotezleri ile alternatif hipotezler arasindaki farkin
bliytkligi olarak tanimlanmaktadir. Bu da, arastirma sonuglarinin pratikteki anlamliliginin bir
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gostergesi niteligindedir. Etki degeri Cohen’in 2 istatistigi kullanilarak hesaplanmistir. f2 degeri su
sekilde hesaplanmaktadir:
R2
2
=g

Cohen’in (1988) etki biiylikligii siniflamasina gore ;
> 0.02< £2<0.15 kiiciik etki
> 0.15<f%<0.35 orta etki
> 0.35<f2-> biiyiik etki

Bulgular
Lider Hesap Verebilirlik Diizeyi

Lider hesap verebilirligi boyutlar1 olan “cevap verebilirlik”, “sorumluluk” ve “a¢iklik” icin
betimsel istatistik analizleri ile t-testi sonuglar1 asagida sunulmustur.

Tablo 2. Lider hesap verebilirligi diizeyine iliskin betimsel istatistikler

Olgek Boyutlar Universite tiiri N X Ss
Aciklik Devlet 319 3.21 1.14
Vakif 93 3.68 1.09
Toplam 412
Lider hesap Cevap verebilirlik Devlet 319 3.15 1.10
Verebilirligi Vakif 93 3.64 1.05
Toplam 412
Sorumluluk Devlet 319 3.08 1.11
Vakif 93 3.62 1.03
Toplam 412

Tablo 2’de gorildiigii gibi vakif {iniversitelerinde lider hesap verebilirlik davraniglart
“Sorumluluk”, “Cevap Verebilirlik” ve “Ag¢iklik” boyutlari i¢in yiiksek diizeyde (X= 3.40- 4.19) , devlet
{iniversitelerinde ise orta diizeyde (X= 2.60- 3.39) algilanmaktadir. Universitenin devlet/vakif olma
durumuna gore her ii¢ alt boyut i¢in algilanan lider hesap verebilirlik davraniglart diizeyi ortalamalari
arasindaki farkin anlamli olup olmadigim ortaya koymak iizere t-test yapilmistir (Tablo 3, Tablo 4,
Tablo 5)

Tablo 3. Universitenin devlet/vakif olma durumuna gére algilanan lider aciklik davranislarma iliskin t-testi
sonuglari

Olgek Boyut N X Ss df t p d
Acgiklik Devlet 319 3.21 1.14 155 -3.62 .00 0.60
Vakif 93 3.68 1.09

Lider aciklik davranislari diizeyi ortalamalar1 arasindaki farkin istatistiksel olarak anlamli olup
olmadigini ortaya koymak iizere yapilan t-testi sonuglarina gore fark anlamli bulunmustur (p<.05). Etki
degeri hesaplandiginda 0.60 degeri elde edilmistir. Bu deger iki grup arasindaki farkin etki
biiyiikliigliniin orta diizeyde oldugunu ifade etmektedir.

Tablo 4. Universitenin devlet/vakif olma durumuna gére algilanan lider cevap verebilirlik davranislarima iliskin t-
testi sonuglart

Boyut Universite tiiri N X Ss df t p d
Cevap Devlet 319 3.15 1.10 156 -3.89 .00 0.65
verebilirlik Vakif 93 3.64 1.05

Tablo 4’te goriildiigi gibi katilimcilarin gorev yaptiklart iiniversitenin devlet /vakif olma
durumuna gore liderin cevap verebilirlik davranislari algilama diizeyleri anlamli bir sekilde
farklilasmaktadir (p<.05). Etki biiyiikliigii hesaplandiginda 0.65 degeri elde edilmistir. Iki ortalama
arasindaki farkin etki degerinin orta diizeyde oldugu goriilmektedir.
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Tablo 5. Universitenin devlet/vakif olma durumuna gore algilanan lider sorumluluk davranislarina iliskin t-testi
sonuglart

Boyut Universite tiiri N X Ss df ¢t P d

Sorumluluk Devlet 319 308 111 159  -435 .00 72
Vakif 93 362 1.03

*p<.05

Tablo 5’te goriildiigi gibi katilmcilarin gorev yaptiklart iiniversitenin devlet /vakif olma
durumuna gore liderin sorumluluk davranislar algilama diizeyleri anlamli bir sekilde farklilagmaktadir
(p<.05). Etki biyiikliigii hesaplandiginda d=0.72 degeri elde edilmistir. Buna goére devlet ve vakif
tiniversitelerinde gorev yapan akademisyenlerin “Sorumluluk” davraniglart ortalamalari arasindaki
farkin etki biyiikliigiiniin yiiksek oldugu goriilmektedir.

Universite tiiriiniin (devlet/vakif) lider hesap verebilirlik diizeyinin anlamli bir yordayicisi olup
olmadigini ortaya koymaya yonelik regresyon analizi yapilmis ve sonuglar Tablo 6’da sunulmustur.

Tablo 6. Universitenin devlet/vakif olma durumunun lider hesap verebilirligi diizeyini yordamasina iliskin
regresyon analizi sonuglari

Degisken B SH B t p R R? AR? F f?
Sabit 2.68 0.16 394 16.74 .00 .19 .03 .03 15.57
Universite tiiri .48 012 .19 .03
*p<0.05

Tablo 6’da tniversitenin devlet/vakif olma durumunun algilanan lider hesap verebilirligi
diizeyinin anlamli bir yordayicist oldugu gériilmektedir (R?=0.03; F=15.57; p<0.05). Lider hesap
verebilirligi diizeyine iliskin toplam varyansin %0.03’linlin {iniversitenin tiirii ile aciklandig1
soylenebilir. Etki degeri Cohen’in f2 istatistigi kullanilarak hesaplanmustir. Yapilan hesaplama sonucu
f?degeri 0,03 bulunmustur. Buna gore etki degerinin kiiciik oldugu, iiniversite tiiriiniin lider hesap
verebilirligi diizeyini yordama etkisinin diisiik diizeyde oldugu goriilmektedir.

Algilanan Etik iklim Tipleri Diizeyleri

“Universitelerin miihendislik fakiiltelerinde algilanan etik iklim tipleri nelerdir?” sorusuna yanit
aramak i¢in yapilan analizlerde algilanan etik iklim tiplerinin sirastyla; “Bireysel Cikar” ikliminin orta
diizeyde (X =3.35), “Orgiitsel ¢ikar” ikliminin orta diizeyde (X=2.95), “Arkadaslik” ikliminin orta
diizeyde (X=2.94) “ Bagimsizhk” ikliminin orta diizeyde (X=3.08), “Kurallar” ikliminin yiiksek
diizeyde (X =3.40) “Kanunlar ve Kodlar” ikliminin yiiksek diizeyde (X =3.59) algilandig1 goriilmiistiir.
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Tablo 7. Universitelerde algilanan etki iklim tiplerine iliskin betimsel istatistikler

Olgek Boyut Universite tiiri = N X Ss
Bireysel ¢ikar Devlet 319 344 112
Vakif 93 3.07 1.08
Toplam 412 3.35
Orgiitsel ¢ikar Devlet 319 289 74
Vakif 93 3.16 81
Toplam 412 2.95
Arkadaglik Devlet 319 2.86 .84
Vakif 93 3.21 .87
Toplam 412 2.94
Etik iklim Bagimsizlik Devlet 319 3.10 .89
Vakif 93 3.00 .88
Toplam 412 3.08
Kurallar Devlet 319 3.28 97
Vakif 93 3.80 .93
Toplam 412 3.40
Kanunlar kodlar Devlet 319 3.51 91
Vakif 93 385 .93
Toplam 412 3.59

Devlet ve vakif iiniversitelerinde algilanan etik iklim tiplerine iliskin farkin anlamli olup
olmadigin1 ortaya koymaya yonelik t-testi yapilmistir (Tablo 8). Buna gore “Bireysel Cikar”,
“Arkadaslik”, Orgiitsel Cikar”, “Kurallar” ve “Kanunlar Kodlar” ortalamalar1 arasindaki farkin anlaml
oldugu (p<0.05), “Bagimsizlik” etik iklim tipi i¢in anlamli olmadig1 goriilmiistiir (p[>0.05).

Tablo 8. Universitenin devlet/vakif olma durumuna gére algilanan etik iklim tiplerine iliskin t-test sonuglart

Boyut Universite tiirii N X Ss df  t p d

Bireysel ¢ikar Devlet 319 344 112 153 2.86 .00 .48
Vakif 93 3.07 1.08

Orgiitsel ¢ikar Devlet 319 2.89 74 142 -3.21 .00 0.67
Vakif 93 3.16 .81

Arkadaghk Devlet 319 2.86 .84 145 -3.45 .00 0.58
Vakaf 93 3.21 .87

Bagimsizlik Devlet 319 3.10 .89 149 .96 .33
Vakaf 93 3.00 .88

Kurallar Devlet 319 3.28 .97 153 -4.69 .00 0.77
Vakaf 93 3.80 .93

Kanunlar kodlar Devlet 319 3.51 91 146 -3.10 .00 0.60
Vakif 93 3.85 .93

*p<0.05

“Bireysel ¢ikar”, “Orgiitsel Cikar”, “Arkadashik” ve “Kanunlar Kodlar” etik iklim tipleri i¢in
gruplar arasindaki farka iligkin etki degerinin orta diizeyde, “Kurallar” etik iklim tipi i¢in gruplar
arasindaki farka iligkin etki degerinin yiiksek (d=.77) oldugu goriilmektedir.

Universitenin devlet/vakif olma durumunun algilanan etik iklim diizeyine olan etkisini ortaya
koymak tiizere basit dogrusal regresyon analizi yapilmustir.

Tablo 9. Universitenin devlet/vakif olma durumunun etik iklim diizeyini yordamasina iligkin regresyon analizi
sonuglart

Degisken B SH B t p R R2 AR? F f?
Sabit 291 069 4233 .00 .00 16 .02 0.02 1202
Universite tiirii .18 .05 3.46 .02
*p<0.05
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Tablo 9°da {iniversitenin devlet/vakif olma durumunun algilanan etik iklim diizeyinin anlaml
bir yordayicist oldugu gériilmektedir (R?=0.02; F=12.02; p<0.05). Etik iklim diizeyine iliskin toplam
varyansin %0.02’sinin {iniversitenin tiirii ile agiklandig1 sdylenebilir. Etki degeri Cohen’in f* istatistigi
degeri 0.02 bulunmustur. Buna gore etki degerinin kiigiik oldugu, tiniversite tiiriiniin etik iklim diizeyini
yordama etkisinin diisiik diizeyde oldugu goriilmektedir.

Lider Hesap Verebilirligi- Etik Iklim Iligkisi

Algilanan lider hesap verebilirlik davraniglar ile algilanan orgiitsel etik iklim tipleri arasinda
iligkilerin belirlenmesine yonelik Pearson korelasyon analizi yapilmistir.

Tablo 10._Etik | ¢ e lider hesap vereb anislart arasimdaki korelasyon analizi-sonucla
Lider hesap verebilirligi Sorumluluk Aciklik  Cevap verebilirlik
r .58 .59 .55 .55
Kanunlar kodlar p .00 .00 .00 .00
N 412 412 412 412
r 54 .56 51 .52
Arkadaghik p .00 .00 .00 .00
N 412 412 412 412
r -.05 -.05 -.06 -.06
Bagimsizlik p .08 .09 .06 1.22
N 412 412 412 412
r 42 45 .38 40
Orgiitsel gikar  p .00 .00 .00 .00
N 412 412 412 412
r -.46 -46 -45 -43
Bireysel ¢ikar  p .00 .00 .00 .00
N 412 412 412 412
r .56 .56 .53 .54
Kurallar p .00 .00 .00 .00
N 412 412 412 412
r A48 .50 44 A7
Etik iklim p .00 .00 .00 .00
N 412 412 412 412
*p< 0.05

Tablo 10’da arastirmada yer alan degiskenler arasindaki korelasyon sonuglar yer almaktadir.
Buna gore algilanan lider hesap verebilirlik davranislar1 diizeyi ile algilanan 6rgiitsel etik iklim diizeyi
arasinda anlamli, pozitif orta diizeyde bir iliski oldugu (r=.48; p .00) gorilmustiir.

Algilanan etik iklim diizeyi ile algilanan etik iklim tipleri arasindaki korelasyona bakildiginda
en yiiksek korelasyonunun kurallar iklimi ile algilanan orgiitsel etik iklim diizeyi arasinda oldugu
(r=.78), onu kanunlar kodlar ikliminin izledigi (r=.76), orgiitsel ¢ikar ile etik iklim diizeyi arasinda
pozitif yonli gii¢lii bir iliskinin oldugu (r=.70), arkadasiik ile etik iklim diizeyi arasinda pozitif yonlii
gli¢lii bir iliskinin oldugu (r=.67), bagimsizlik ile etik iklim diizeyi arasinda pozitif yonlii orta diizeyde
bir korelasyon oldugu (r=.34), bireysel ¢ikar iklim tipi ile algilanan etik iklim diizeyi arasinda negatif
yonlii diisiik bir iligkinin oldugu (-.16) oldugu goriilmistiir.

Genel olarak algilanan lider hesap verebilirlik diizeyinin artmasinda sirasiyla “agiklik (r=.98)”,
“cevap verebilirlik (r=.97)” ve “sorumluluk (r=.96)” davraniglarinin rolii oldugu anlasilmaktadir.
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Tablo 11. Etik iklim tiplerinin lider hesap verebilirligi diizeyini yordamasina iligkin regresyon analizi sonuglart

Degisken B SH B t p R R? AR? F f?
Sabit 1.57 .35 4.44 4.47 .00 .65 42 41 .95 72
Bireysel ¢gikar  -.16 .05 -14 -3.07 .00
Orgiitsel gikar ~ -.12 .07 -.09 -1.68 .09
Bagimsizlik -.03 .04 -.03 -.78 43
Arkadaglik 37 .09 .28 4.05 .00
Kurallar -.05 .07 -.04 -.73 46
Kanunlar ve 51 .06 43 7.84 .00
kodlar
*p<0.05

Arastirma modelinde yer alan degiskenler arasindaki iligkiler regresyon analizi ile incelenmistir.
Bagimli ve bagimsiz degiskenlerin belirlenmesinde kuramsal gerceve esas alimmustir. Etik iklim
tiplerinin lider hesap verebilirligi diizeyini ne derece yordadigina dair yapilan dogrusal regresyon analizi
sonuclar1 Tablo 11°de sunulmustur. Buna gore Tablo 11°de etik iklim tiplerinin lider hesap verebilirligi
diizeyine iligkin agikladigi varyansin anlamli oldugu goriilmektedir (F=49.95, p<0.05). Buna gore
“bireysel ¢ikar”, “orgiitsel ¢ikar”, “bagimsizlik”, “arkadaglik”, “kurallar”, “kanunlar kodlar” etik iklim
tipleri birlikte ele alimdiginda lider hesap verebilirligi davranislar1 diizeyine iligskin toplam varyansin
%42.5’ini aciklamaktadir (R?=.42; Diizeltilmis R?=.41; p<0.05). Etki degeri Cohen’in f? istatistigi
kullanilarak hesaplanmistir. Yapilan hesaplama sonucu f2 degeri 0.72 bulunmustur. Bu degerin yiiksek
diizeye yakin bir deger oldugu (Cohen, 1988) goriilmektedir.

Regresyon modeline iliskin parametreler incelendiginde, standardize edilmis regresyon
katsayilar1 B, etik iklim tiplerinin lider hesap verebilirligi diizeyini agiklama diizeyi iizerindeki dnem
strasinin; “kanunlar kodlar” (p=.43; t=7.84; p<.05), “arkadaslik” (B=.28; t=4.05; p<.05), “bireysel ¢ikar”
(B=-.14; t=-3.07; p<.05), “orgiitsel ¢ikar” (p=-0.96; t=-1.68; p>.05), “kurallar” ($=,-0.46; t=-.73; p>.05),
“bagimsizlik” (B=-.03; t=-.78; p>.05). Regresyon katsayilariin anlamliligina iliskin t-testi sonuglarina
bakildiginda “kanunlar kodlar”, “arkadaslik”, “bireysel ¢ikar” iklim tiplerinin lider hesap verebilirligi
diizeyini yordayan degiskenler oldugu goriilmektedir (p<.05).

Regresyon analizi sonuglarina gore lider hesap verebilirligi diizeyinin agiklanmasina iligkin
regresyon esitligi asagidaki gibidir:

Lider Hesap Verebilirligi =157- 0,16(Bireysel Cikar)- 0,12(Orgiitsel ~Cikar) —
0,37(Bagumsiziik) + 0,37(Arkadaslik) — 0,05(Kurallar) + 0,51(Kanunlar Kodlar)

Coklu dogrusal regresyon analizi sonucunda “kanunlar kodlar” etik iklim tipi ile “arkadaglik”
etik iklim tipinin lider hesap verebilirlik davraniglarini anlamli ve pozitif yonde etkiledigi, “bireysel
cikar” etik iklim tipinin lider hesap verebilirlik davramiglarini anlamli ve negatif yonde etkiledigi,
“orgiitsel ¢cikar”, “bagimsizlik” ve “kurallar” iklimlerinin lider hesap verebilirligi davranislari lizerinde
onemli bir etkiye sahip olmadig1 goriilmiistiir (Sekil 2)

Tablo 12. Lider hesap verebilirlik davramislarimin etik iklim diizeyini yordamasma iliskin regresyon analizi
sonugclart

Degisken B SH i t p R R2 AR? F f?
Sabit 255 .06 4150 .00 652 .25 24 4350
Sorumluluk 22 .04 56 470 .00

Aciklik -10 .06 -27 <177 07 33

Cevap verebilirlik .08 .05 .20 13 .06

*p<0.05

Tablo 12’de lider hesap verebilirlik davramiglarinin etik iklim diizeyine iliskin agikladigi
varyansin anlamli oldugu goriilmektedir (F=43,501, p<0.05). Buna gére “sorumluluk”, “acgiklik”,
“cevap verebilirlik” davraniglart birlikte ele alindiginda etik iklim diizeyine iligskin toplam varyansin
%25.4’iinii  agiklamaktadir (R?*=.25; Diizeltilmis R?=.24; p<0.05). Regresyon modeline iliskin
parametreler incelendiginde, standardize edilmis regresyon katsayilari B, lider hesap verebilirlik
davraniglarinin etik iklim diizeyini agiklama diizeyi iizerindeki dnem sirasinin; “sorumluluk™ (p=.56;
t=4.70; p<.05), “agiklik” (p=-.27; t=-1.77; p>.05), “cevap verebilirlik” (p=-.20; t=.13; p>.05). Etki
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degeri Cohen’in f? istatistigi kullanilarak hesaplanmistir. Yapilan hesaplama sonucu f? degeri 0.33
bulunmustur. Bu degerin orta diizeyde bir deger oldugu (Cohen, 1988) goriilmektedir. Regresyon
katsayilarinin anlamliligina iliskin t-testi sonuclarina bakildiginda “sorumluluk”, boyutunun etik iklim
diizeyini yordayan degisken oldugu goriilmektedir (p<.05).

Regresyon analizi sonuglarina gore lider hesap verebilirligi diizeyinin agiklanmasina iligkin
regresyon esitligi agagidaki gibidir:

Etik Iklim=2,55 +0,27(Sorumluluk) — 0,10(A¢iklik) + 0,83(Cevap Verebilirlik)

Coklu dogrusal regresyon analizi sonucunda etik iklim {izerinde lider sorumluluk
davraniglarinin pozitif ve anlamli etkisi oldugu, agiklik ve cevap verebilirlik davranislarinin 6nemli bir
etkiye sahip olmadigi goriilmiistiir (Sekil 2)

- ETiK iKLiM TiPLERi
LiDER HESAP
VEREBILIRLIiK I ]
(LHV) 1 BIREYSEL CIKAR
DAVRANISLARI

ORGUTSEL GIKAR

e KURALLAR
CEVAP VEREBILIRLIK

KANUNLAR KODLAR
SORUMLULUK

ARKADASLIK

ACIKLIK

BAGIMSIZLIK

Sekil 1. Lider hesap verebilirligi-etik iklim iliskilerine iligskin bulgular
Tartisma, Sonuc ve Oneriler

Universitelerde gdrev yapan akademisyenlerin goriislerine dayali olarak temel amaci
iniversitelerde lider hesap verebilirlik davraniglari-etik iklim iliskilerini incelemek olan bu aragtirmada,
hem algilanan etik iklim hem lider hesap verebilirlik davraniglart1 bakimindan devlet ve vakif
universiteleri arasinda anlamli farkliliklar oldugu goriilmistir. Elde edilen bulgulara gére her iki
tiniversite tiirtinde “kanunlar kodlar” iklim tipi yliksek diizeyde algilanmaktadir. “Bireysel ¢ikar” iklim
tipinin devlet tiniversitelerinde yliksek diizeyde algilanmasi dikkat ¢ekicidir. “Bireysel ¢ikar” iklim tipi,
caligsanlarin kendi ¢ikarlarini her seyin iistiinde tuttuklari, digerlerinin zararina bile olsa kendi ¢ikarlarina
gore davrandiklari iklim tipidir. Arastirmalar, “Bireysel Cikar” iklim tipinin en fazla etik dig1 davraniga
neden olan iklim tipi oldugunu ortaya koymustur (Wimbush vd., 1997, akt. Appelbaum, 2005). Devlet
iiniversitelerinde hem “kanunlar kodlar” ikliminin hem de “bireysel ¢ikar” iklim tipinin yiiksek diizeyde
algilanmasi bir celiski gibi goriilmektedir. Buna gore kararlarin kanunlar, mesleki kurallar gibi evrensel
nitelik tasiyan dissal referanslara gore verildigi ayni zamanda da karar vermede kisisel ¢ikarlarin 6n
planda olduguna dair bir algi oldugu gorilmektedir. Buna gore, devlet {iniversitelerinde,
akademisyenlerin, kanunlar, kodlar ve kurallarin isletilmesinin belirli kisilere ve gruplara oncelik
taninarak yapildigi, kisisel iligkilerin 6n planda oldugu yoniinde bir algiya sahip olduklari s6ylenebilir.

Devlet ve vakif tiniversitelerinde algilanan etik iklim tipleri ortalamalar1 arasindaki farkin
“Bagimsizlik” iklim tipi i¢in anlamli olmadig1, diger iklim tipleri i¢in anlamli oldugu goriilmiistiir.
Farkin etki bityiikliigii hesaplandiginda “Kurallar” iklim tipi i¢in farkin etki biiytlikliigiiniin yiiksek, diger
ortalamalar igin ise orta diizeyde oldugu goriilmiistiir. Yapilan regresyon analizi sonucu iiniversitenin
devlet/vakif olma durumunun algilanan etik iklim tipinin anlamli bir yordayicisi oldugu ancak etki
degerinin (f) diisik oldugu sonucu elde edilmistir. Literatiirde orgiitin kdr amaci giitmesi
/glitmemesinin etik iklimi etkileyen bir faktor olarak yer aldig1 goriilmektedir (Simha ve Cullen, 2011;
Laratta, 2011; Moore, 2012; Law, 2016) bu bakimdan bu ¢aligmadan elde edilen bulgularin 6nceki
arastirmalardan elde edilen bulgulari destekledigi sdylenebilir.
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Devlet tiniversitelerinde gorev yapan akademisyenlerin lider hesap verebilirlik davranislarini
her ii¢ alt boyut (sorumluluk, agiklik, cevap verebilirlik) icin orta diizeyde algiladiklari, vakif
Universitelerinde gorev yapan akademisyenlerin ise lider hesap verebilirlik davranislarini yiliksek
diizeyde algiladiklar1 goriilmiistlir. Devlet ve vakif iiniversitelerinde gorev yapan akademisyenlerin lider
hesap verebilirligi algilar ortalamalar1 arasindaki farkin her ii¢ davranis i¢in anlamli olugu ve farkin
etki biiyiikliigiiniin sorumluluk davranislar i¢in yiiksek diizeyde, aciklik ve cevap verebilirlik igin orta
diizeyde oldugu goriilmiistiir. Universite tiiriiniin algilanan lider hesap verebilirliginin anlamli bir
yordayicist oldugu ancak etki degerinin (f?) diisiik oldugu sonucu elde edilmistir.

Aragtirmanin bir diger 6nemli sonucu da lider hesap verebilirlik diizeyinin etik iklim, etik iklim
tiplerinin de lider hesap verebilirlik davraniglarini yordadigina iliskin bulgulardir. Regresyon analizi
sonucunda “Kanunlar Kodlar” ikliminin, “Arkadaslik” ikliminin ve “Bireysel Cikar” iklim tiplerinin
algilanan lider hesap verebilirlik davraniglarini yordadigr ortaya konmustur. Yani “Kanunlar Kodlar”
iklimi (B=,431, p<,001) ve “Arkadaglik” ikliminin ($=.28, p<,05+) yiiksek diizeyde algilanmasi lider
hesap verebilirliginin yiiksek diizeyde algilanmasini yordamaktadir, “Bireysel Cikar” ikliminin (f=-,145
p<,001) yiiksek diizeyde algilanmasi ise lider hesap verebilirlik davranislarinin diisik diizeyde
algilanmasini yordamaktadir.

Ote yandan algilanan lider hesap verebilirligi diizeyi algilanan etik iklim diizeyini de
etkileyebilmektedir. Elde edilen bulgular, algilanan lider sorumluluk davranislar1 diizeyinin algilanan
etik iklim diizeyini yordadigini gostermektedir. Wood ve Winston (2007), lider hesap verebilirliginin
sorumluluk boyutunu “6rgiit yararina olacak sekilde liderlik etme, karar verme ve eylemde bulunma
konusunda istekli olma” olarak tanimlamiglardir. Pless (2007) liderlerde sorumluluk i¢in ahlaki temeli
olusturan alt1 temel 6zellik tanimlamistir: vizyoner olma, giiclii iliskiler kurma (networker), degisim
ajani olma, hikaye anlaticis1 olma, hizmetkar olma, gii¢lii degerlere sahip olma ve toplulugun aktif bir
liyesi olma. Bireysel hesap verebilirlik teorisyenlerinin dnde gelenlerinden olan Schlenker, Britt,
Pennington, Murphy, Weigold, ve Doherty’ye gore (akt.Thompson, 2013) hissedilen sorumluluk, hesap
verebilirlik siirecinin en énemli unsurudur. Bu baglamda bu arastirmada elde edilen bulgularin 6nceki
aragtirma bulgularim destekledigi sdylenebilir. Orgiit icerisinde liderlerin sorumluluk davramislari
tanimlanarak, ozellikle orgiit yararina g¢aligma, orgiitiin ¢gikarini her seyin siitiinde tutma, eylemlerine
iliskin sonuglarla ilgili sorumluluk tistlenme gibi davranis setleri pekistirilerek etik iklim algisini olumlu
etkileyebilecegi soylenebilir.

Literatiirde dogrudan dogruya lider hesap verebilirlik davraniglarinin etik iklime etkisini ortaya
koyan bir ¢alismaya rastlanmamigtir. Ancak lider davraniglarmin etik iklimi etkileyen en Onemli
unsurlar arasinda yer aldig1 pek ¢ok arastirma ile ortaya konmustur. Etik liderlik teorisine gore etik
liderlik sergileyen liderler ¢caliganlarini etkilemektedir. Liderler, ¢alisanlari tarafindan g¢ekici, glivenilir
ve mesru rol modelleri olarak goriilebilmeleri i¢in davraniglarinin takipgiler tarafindan dogru davranislar
olarak degerlendirilmeleri gerekmektedir (Brown vd., 2005). Lider hesap verebilirligi etik bir davranis
olarak ele alindiginda aragtirmada elde edilen bulgularin, liderin etik davraniglari ile etik iklim iliskisini
ortaya koyan Onceki arastirma bulgularin1 (Bandura, 1986, Brown vd., 2005, Shin vd.,2015, Thompson,
2013) destekledigi goriilmektedir. Bu bakimdan elde edilen bulgularin 6nceki aragtirma sonuglarini
destekledigi sdylenebilir.

Etik liderlikle ilgili olarak genellikle lider davraniglari “diriist”, “giivenilir”, “rol model”
davraniglar gibi soyut davranislarla ifade edilmektedir. Lider hesap verebilirligi, lidere olan giiveni tesis
etmede proaktif davranislar olarak ifade edilmistir. Bu acidan ele alindiginda bu g¢aligmanin lider
sorumluluk davraniglarinin, yani takipgileri tarafindan liderin, 6rgiitiin yararina olacak sekilde liderlik
etme, karar verme ve eylemde bulunma konusunda istekli olmasinin algilanmasinin algilanan etik iklim
diizeyini yordadigini ortaya koymasi bakimindan 6nemlidir.

Oneriler

» Lider hesap verebilirlik mekanizmalarinin olusturulmasinda sadece kurumsal/formal/
hesap verebilirlik mekanizmalarina degil, bireysel ve asagi yonlii hesap verebilirlige
yonelik de mekanizmalarin olusturulmasi ¢aligmalar1 yapilmasi yararl olacaktir. Bunun
icin iletisim kanallarinin acgilmasi, g¢aliganlarin yonetimin kararlarini sorgulama,
elestiride bulunma, sikayet edebilmelerine olanak saglayan yollarin olusturulmast,
calisanlarin alman kararlara genis katiliminin saglanmasi, liderlerin eylem ve
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kararlarinin gerekgelerini agiklamalarinin, elde edilen performans sonuglar ile ilgili
sorumluluk tistlenmelerinin saglanmasi yararli olabilir.

> Universitelerde “Kanunlar Kodlar” etik iklim tipinin gelistirilmesi i¢in kanun ve
kodlarin agik, net olmasi, herkesge bilinir kilinmasi, alinan kararlarin kanun, kodlara
dayandirilmas1 ve kararlarin gerekgelerinin agiklanmasi, tiniversitelerde bdoliimler
diizeyinde kodlarin olusturulmasi ve paylasilmasi, kanun ve kodlara uygun hareket
etmenin Ooneminin herkese anlatilmasi ve aksinin kabul edilmeyecegi mesajinin {ist
yOnetim tarafindan agik¢a ortaya konmasi gibi yollar izlenebilir.

» En az etik dis1 davranis “Arkadashik” ikliminde olusmaktadir. “Arkadaslik” ikliminin
gelistirilmesi yoOniinde etik egitim programlar1 gelistirilebilir, yardimlasma, ekip
caligmasina Onem verme, birbirini destekleme ve iyiligini diisinme gibi degerler
kurumsal diizeyde 6n plana ¢ikarilabilir.

> Arastirma  Universitelerin ~ miihendislik fakiiltelerinde gergeklestirilmistir.
Universitelerde lider hesap verebilirligi, etik iklim ve &rgiitsel giic mesafesi olgularinin
diger fakiiltelerde de arastirilmasina ihtiyag¢ vardir.

» Devlet TUniversitelerinde “bireysel ¢ikar” etik iklim tipinin yiiksek diizeyde
algilanmasinda etkili olan faktorlerin neler oldugunun nitel arastirma yoluyla
derinlemesine arastirilmasina ihtiyag vardir.
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One of the problems addressed in teaching mathematics is mathematical
misconceptions. Errors and misconceptions that students develop in previous
lessons or bring to school from the community they live in can create barriers to
the continuous learning of mathematical concepts and ultimately lead to failure
in mathematics. It is also important to see whether teachers' misconceptions have
any effect on students' misconceptions. In this study, it was aimed to develop a
scale in order to know the level of opinions of primary school teachers about
misconceptions in mathematics and to measure whether they are aware of
mathematical misconceptions. The 36-item draft scale, in which different
dimensions were determined regarding mathematical misconceptions, was
piloted with a total of 372 classroom teachers in the 2022-2023 academic year.
After the results obtained from the pilot application and the opinions of the
experts, 2 items were removed from the scale. The scale, which has 34 items in
total, was applied to 524 primary school teachers. In the development of the
measurement tool, the stages of literature review, item creation, content validity
(referring to expert opinion), pre-testing and validity and reliability calculation
were followed. During the analysis made with a statistical program, it was
determined that the scale consisted of 3 dimensions with Exploratory Factor
Analysis (EFA). The researchers named these dimensions as 'Mathematical
Misconceptions Awareness in Learning-Teaching Processes', 'Misconceptions
Specific to Mathematics Learning Fields', and 'Cognitive and Conceptual
Awareness', respectively, after the common points of the questions in the
dimensions formed and their exchange of views with the experts. In addition, it
was observed that the KMO Kaiser-Meyer-Olkin (Sampling Suitability
Measurement) value was 0.97, and the internal consistency coefficient
(Cronbachalpha) value calculated for the reliability study was 0=0.97. With the
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structure. The results obtained with the Confirmatory Factor Analysis (CFA)
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Introduction

The most basic way for individuals to find solutions to problems is to recognize and define the
problem. When a problem is noticed in any subject, its main lines are determined and the ways to
solve it are examined one by one. In teaching mathematics, Polya's strategy is very useful for solving a
problem. George Polya defined the problem solving process as a four-stage process. These;
understanding the problem, choosing the strategy related to the solution, applying the chosen strategy
and evaluating the solution (Yildizlar, 2001:16). This is a process of producing solutions not only for
mathematical problems but also for the whole life. It is important for a person to have acquired this
skill from childhood in order to be able to realize the problems in his own life and produce his own
solutions. According to Piaget (2008), children approach the problem and solve it with three systems,
namely action intelligence, egocentric thinking and rational thinking, respectively. In other words,
they discover the problem while in action, interpret what they have discovered with their own words,
and then turn it into a rational thought with what they have learned before (Maury, 2008). For this
reason, teachers as well as parents have a lot of work in solving problems. Teachers should first realize
their individual problems and deficiencies and then teach children how to do this. In fact, they should
teach children a "superior" model of knowing.

The concept of metacognition was introduced by Flavel in the 1970s and focused on learning
to learn. As a result of his studies, Flavel defined metacognition as specifying the operations on
memory, explaining the functions and limits of memory, and explaining the student's control over his
own cognitive processes. Towards the end of the 1970s, this concept was expanded and the concept of
metacognition was started to be used instead of meta-memory (Schneider and Lockl, 2002). With the
recognition of this concept, concepts such as ‘awareness and awareness' of researchers have also
entered the radar of studies (Ozsoy, 2008; Akpunar, 2011; Kalemkus, 2021; Onen, 2021, Bakkaloglu
and Toptas, 2022). In some studies (Asik and Ertkin, 2019; Sevgi and Caglikose, 2020; Arslan, 2021)
individuals' cognitions regarding their metacognitive awareness were measured and their situations of
addressing and solving their problems were examined. There are studies in which this awareness,
which is essential to be acquired at home and at school during childhood, is also discussed in an
important lesson such as teaching mathematics. For example, Kaplan and Duran (2016) aimed to
measure and evaluate students' awareness of knowing mathematics, that is, metacognitive awareness,
with the scale they developed. This study has shown us that mathematics is a branch of science that
can be developed by raising awareness. Therefore, mathematics is an area where not only the "what"
question, but also the "how" question should be answered. In order to reach these answers, the
equivalent of mathematics in the concrete world and abstract learning in the minds of individuals must
be meaningful. As it is known, the mind of each individual has a different width and perception.
Therefore, as Neutzling, Pratt, and Parker (2019) mentioned, individuals should know their own
perceptions and learning and should proceed accordingly. Metacognitive knowledge explains exactly
this. In particular, the fact that external world information such as mathematics becomes meaningful in
the minds of individuals is closely related to the functionality of metacognitive information. Along
with focusing on learning mathematics, it is also important to know and analyze the problems that
exist in learning. From this point of view, it can be commented that there is a difference between
knowing mathematics and knowing how to know mathematics.

One of the problems addressed in teaching mathematics is the subject of mathematical
misconceptions. According to Baki and Bell (1997), it can be difficult to define a concept in a
mathematics lesson. In order to define a concept, it is sometimes necessary to explain the concepts
associated with it. For example, to define decimal fractions, the definition of fraction is needed first. In
other words, individuals build on their previous prior knowledge while learning concepts, and this
prior knowledge they have sometimes causes difficulties in learning new concepts. Smith, Disessa,
and Roschelle (1993) defined misconception as “the student's understanding that systematically
produces errors™. In this case, mistakes and misconceptions that students have developed in previous
lessons or brought to school from the community they live in can create obstacles in the continuous
learning of mathematical concepts and, as a result, cause failure in mathematics. French
mathematician Bernard Cornu explained the causes of misconceptions in three ways. These are the
epistemological reasons that are spontaneous and encountered in the historical process of the concept;
psychological reasons including personal situations while learning the concept, and pedagogical
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reasons including the form, content and methods of teaching (Cited by Ozmantar, Bingdlbali, &
Akkog, 2008). Therefore, it is also important to see whether the misconceptions of teachers have any
effect on students' misconceptions. Borasi (1994) stated that it would be beneficial to use
misconceptions as a jumping off point or starting point in teaching. Therefore, there is a need to
identify the conceptual areas where most children make mistakes or make false generalizations, as
well as the causes responsible for them and how to correct them. According to Ozdemir, Bayraktar and
Yilmaz (2017), it is very important to take necessary precautions so that misconceptions are known by
teachers and that they do not occur in students. Because if teachers know their misconceptions and
their reasons, they can prevent students' possible mistakes or misconceptions. Of course, the way to
achieve this is related to whether teachers are aware of their own misconceptions or what solutions
they bring to existing misconceptions. According to Sadi (2007), primary school teachers should be
aware of the causes of misconceptions that may occur in students' minds before mathematical
misconceptions emerge. As it was emphasized before, not only knowing mathematics but also
realizing how we know or do not know it contributes to making learning permanent and meaningful. It
is thought that the first step in solving such learning problems in the primary school level mathematics
course, which is one of the leading levels of education, passes through the primary school teachers.
The first thing that can be done for this is to measure and evaluate the awareness of the primary school
teachers about the subject. In this study, it was aimed to develop a scale to learn the awareness of
primary school teachers about misconceptions in mathematics.

Method

Developing the Mathematical Misconception Awareness Scale for Primary School Teachers:
The stages of the reliability study and the characteristics of the study group are presented below. In
this research, which aims to develop a scale to determine the mathematical misconception awareness
of the participants, the survey model was used.

Study Group

This study was carried out with the participation of 524 primary school teachers working in a
province in ‘Central Anatolia’ region in the 2022-2023 academic year. The number of items in the
draft scale and the final scale were taken as a basis in determining the number of participants. In the
literature, it is recommended that the number of participants be 5 or 10 times the number of items in
scale development studies (Child, 2006; Dogan and Basokg¢u, 2010; Tavsancil, 2018). As there were
36 items in the draft scale within the scope of the study, 372 primary school teachers were reached in
the first stage and 524 primary school teachers were reached for 34 items in the final scale formed
after the exploratory factor analysis, and more than 10 times the number of items in the scales were
reached.

The study group consists of a total of 524 primary school teachers (307 females, 217 males)
working in the Ministry of National Education in the 2022-2023 academic year, which were
determined by random sampling method. The seniority years of the classroom teachers are 0-10 years
of 139; It was determined that 138 of them were 11-20 years and 247 of them were 21 years and later.
In addition, 399 of the teachers stated that they graduated from Education Faculties and 125 from
Vocational High Schools. Of the classroom teachers, 50 of them have associate degree, 408
undergraduate, 65 graduate and 1 doctorate graduates, indicating their current education status.

Data Collection Process

Within the scope of the research, the stages in the literature were taken into account in order to
develop the scale, which aims to measure the awareness of mathematical misconceptions of primary
school teachers (Biiyiikoztiirk, 2011). Therefore, the following stages were followed in the scale
development process:

1. Establishing an Item Pool: By scanning the literature, areas and sub-titles (epistemological,
psychological and pedagogical) related to misconceptions and mathematical misconceptions were
determined. Before preparing the scale items, the researchers conducted a large-scale literature review
on mathematical misconceptions and their relationship with teaching, and examined the studies on
misconceptions in mathematics in domestic and international sources (Kiigiik and Demir, 2009;
Tiirkdogan, Giiler, Biilbiil and Danisman, 2015; Mohyuddin and Khalil, 2016; Ozdemir and Bayraktar,
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2017; Mutlu and Séylemez, 2018; Neidorf et al., 2020). The obtained scale expressions were
rearranged within the framework of curiosity and mathematics, and the item pool of the draft scale was
created with a total of 36 expressions. The created scale is a 5-point Likert type scale. Tools made with
the Likert technique consist of a set of sentences and response formats for each sentence. Generally, a
five-point format is used from strongly agree to strongly disagree. In order to obtain points from the
tool, the scores of each item are added. A five-point response form, such as | completely agree, |
strongly disagree, reveals the value from 1 to 5 (Tekindal, 2009, p.88). Positive and negative items

determined in this scale were rated on a 5-point Likert scale as "never", "rarely", *sometimes”, "often",
"always".

2. Determination of Content Validity: Content validity means the adequacy of the items used
for the characteristics to be measured in terms of quantity and quality. One of the logical ways used to
determine the content validity, which expresses whether the behavior (feature) that is intended to be
measured, is sufficient in terms of quantity and quality, is to consult the opinions of experts, which is
the Lawshe technique (Lawshe, 1975; Biiyiikoztiirk, 2011). At this stage, the researches were
compiled and presented to the experts in the field (three associate professors who are experts in the
field of mathematics and classroom education) to receive their opinions and suggestions. Experts
stated that they found some of the questions they examined to be similar to each other. In addition,
they suggested a simpler way in the language and expression of some questions. In the light of the
experts' evaluations, the items were revised, similar questions were brought together or removed from
the draft scale and necessary corrections were made. Thus, the final version of the draft scale was
considered as 34 items. There is no reverse item in the scale.

3. Application of the Measurement Tool: In order to test the final version of the scale items, a
pilot group was administered with 372 primary school teachers working in the Central Anatolia
region. After the pilot applications, two items were removed from the scale and 34 items were applied
to a total of 524 primary school teachers working in a city in ‘Central Anatolia’ region, along with
demographic information. Each of the participants was reached via Google Form and the data was
recorded through this platform. Participation took an average of 5 to 7 minutes.

4. Determination of Construct Validity: Construct validity gives information about
investigating whether the qualities to be measured are measured or not (Kurt, 2001). Exploratory
factor analysis was performed on the data obtained from primary school teachers and teacher
candidates in order to determine the construct validity of the measurement tool, which was found to be
suitable for factor analysis by finding the KMO value of 0.97 and the Barlett test result as p=.000.
KMO value of 0.60 is sufficient for the sample size, and KMO values of 0.90 and above are
interpreted as perfect (Tavsancil, 2006; Shrestha, 2021). Exploratory factor analysis is an analysis
technique that aims to identify and group the items that measure the same structure or quality among
the items determined by the researchers and to explain the measurement with these few meaningful
superstructures (Biiyiikoztiirk, 2011). In this process, Kaiser—Meyer-Olkin (KMO) and Bartlett test
results, common factor variance values of items, eigenvalue line graph, principal component analysis
results were used. Varimax (rotation) technique was used in factor analysis. All analyzes in the
research were made through a statistical program.

5. Determination of Reliability: The reliability of the data collection tool was analyzed by
Cronbach's alpha reliability coefficient. The Cronbach alpha reliability coefficient value is a measure
of the internal consistency of the scale between test scores, and values of 0.70 and above are
considered sufficient for the reliability of the scale (Biiyiikoztiirk, 2011; Tavakol and Dennick, 2011;
Shrestha, 2021). The Cronbach alpha reliability coefficient of the scale is 0.972, and this data indicates
that the scale is quite reliable (Adeniran, 2019).

6. Finalizing the Data Collection Tool: After the application of the scale, some items in the
scale were rearranged and the scale was given its final shape. The final version of the scale consists of
34 items. There is no reverse item in the scale (Appendix-1).

Data Analysis

In the light of the results obtained from the scale applied to the pilot group, factor analysis was
performed for the construct validity of the scale. Kaiser Meyer-Olkin (KMO) test was applied to
investigate whether the data were suitable for factor analysis (Shrestha, 2021). After the data were
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found to be suitable for factor analysis, Diagonal Anti-image Correlation values were examined in
order to examine the sample adequacy. After the items with diagonal values less than 0.40 were
removed from the scale, it was checked with the Barlett test whether the data in the universe came
from a multivariate normal distribution (Shrestha, 2021). In order to examine the construct validity of
the scale, exploratory factor analysis, which is a process for finding factors based on the relationships
between variables, was used (Biiyiikoztiirk, 2011; Sowden, Schonfeld and Bianchi, 2022). In order to
decide how many important factors or constructs the scale items measure, the line graph drawn based
on the factor eigenvalues was examined. Principal component analysis, one of the factorization
techniques, was used. In addition, varimax (rotation) technigque, one of the vertical rotation techniques,
was preferred in order to find the items with a high correlation with the factors and to interpret the
factors more easily (Biyiikoztiirk, 2011). In addition, confirmatory factor analysis was performed on
the data obtained from a different sample.

Results

In this section, the statistical analyzes made for the developed scale and the results obtained
are tabulated and interpreted.

Exploratory Factor Analysis (EFA)

Factor analysis is an important tool used in the development, refinement and evaluation of
tests, scales and measures (Williams and Brown, 2010). Factor analysis is one of the analyzes that
should be used to determine the construct validity of a scale. Whether the data obtained from the
sample group is suitable for factor analysis can be explained by the Kaiser Meyer Olkin (KMO)
coefficient and the Bartlett sphericity test (Biyiikoztiirk, 2011; Capik, Goziim and Aksayan, 2018). It
is known that for the data set to be suitable for factor analysis, the KMO value should be greater than
.50, and for the data set to be perfectly compatible with factor analysis, the KMO value should be
close to .90 (Kalayci, 2006). The KMO and Barlett values obtained as a result of the analysis
performed in the study are given in Table 1.

Table 1. Mathematical Misconception awareness scale KMO and Barlett test results

KMO .970

Chi Squ 15784.975
Global Bartlett Test Sd 561
p .000

When Table 1 is examined, it is seen that the KMO value is 0.970. According to this value, it
was determined that the sample size was sufficient to perform factor analysis. Bartlett's test was found
to be significant as p=.000. According to this result, it is appropriate to perform factor analysis for the
correlation matrix. In addition, exploratory factor analysis was performed to determine how many
factors the scale consisted of. Exploratory factor analysis is the type of analysis in which the
researcher has no knowledge of the number of factors measured by the measurement tool, and tries to
obtain information about the nature of the factors measured by the measurement tool, instead of testing
a certain hypothesis (Child, 2006; Tavsancil, 2006). As a result of the first analysis, it was determined
that there were three factors with an eigenvalue of 1 and above. The findings of the first analysis are
given in Table 2.

Table 2. Results of mathematical misconception awareness scale exploratory factor analysis

Factor Eigenvalue Variance explanation Variance explanation
percentage (Total) percentage (Cumulative)
1 17.841 52.474 52.474
2 3.155 9.279 61.753
3 1.683 4.950 56.704

According to Table 2, it is seen that there are three factors with an eigenvalue of 1 and above
in the draft scale. The total contribution of these factors to the variance is 56.704%. In Table 3,
variance explanation percentages of the Mathematical Misconception Awareness Scale, which consists
of three factors, are given.
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Table 3. Mathematical misconception awareness scale variance explanation percentages

Factor Eigenvalue Variance explanation Variance explanation
percentage (Total) percentage (Cumulative)
1 8.687 25.551 25.551
2 7.962 23.419 48.970
3 6.030 17.734 56.704

As seen in Table 3, the variance explanation percentage of the first factor is 25.551, the
variance explanation percentage of the second factor is 23.419, and the variance explanation
percentage of the third factor is 17.734. The total variance explained by three factors was determined
as 56.704. It is sufficient that the variance explained in multifactorial scales is between 40% and 60%
(Biiyiikoztiirk, 2007). According to this explanation, it can be explained that the variance ratio
explained by the scale is sufficient. The results of the rotated principal components analysis (varimax)
of the mathematical misconceptions awareness scale are presented in Table 4.

Table 4. Rotated component matrix of mathematical misconception awareness scale

Item No Factor-1 Factor-2 Factor-3
18 .789
20 .784
21 .748
17 721
9 .695
19 .687
12 .673
13 .650
34 .629
10 .629
14 .624
15 .606
11 .586
16 575
22 .564
7 481
8 420
29 .849
28 .841
26 .834
27 .832
30 .816
31 .789
25 726
32 .662
23 .657
33 .654
24 .563
2 .803
3 .786
1 773
4 723
5 .646
6 .609

When Table 4 is examined, the factor load values of the items in the first factor are between
0.78 and 0.42; It is seen that the factor load of the items in the second factor is between 0.84 and 0.56,
and the factor load of the items in the third factor is between 0.80 and 0.60. As a result of the factor
analysis conducted by the researchers, it was determined that there were 17 items in the first factor, 11
items in the second factor, and 6 items in the third factor. Researchers named the sub-dimensions of
the scale. “Awareness of Learning and Teaching Processes” for the first factor (Items 18, 20, 21, 17, 9,
19, 12, 13, 34, 10, 14, 15, 11, 16, 22, 7, 8) for the second factor. Awareness Specific to Mathematics
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Learning Areas” (Items 29, 28, 26, 27, 30, 31, 25, 32, 23, 33, 24) and “Cognitive and Conceptual
Awareness” for the third factor (Items 2, 3, 1, 4, 5, 6) were deemed appropriate. The scale developed
by the researchers is presented as an appendix in the study (Appendix-1).

In addition, the reliability analysis of the scale was made by calculating the Cronbach Alpha
internal consistency coefficient. The Cronbach Alpha reliability coefficients calculated for the
Mathematical Misconception Awareness Scale and its sub-dimensions are shown in Table 5.

Table 5. Internal consistency coefficients of mathematical misconception awareness scale

Factor Item number Number of internal consistency
Mathematical misconceptions 17 .962
awareness in learning-teaching
processes
Misconceptions specific to 11 .953
mathematics learning fields
Cognitive and conceptual 6 .883
awareness
Scale total 34 972

Table 5 shows the values of the Cronbach Alpha internal consistency coefficients of the
Mathematical Misconception Awareness Scale for each factor. The total reliability coefficient of the
scale is 0.97. With the values of these data, it can be said that the scale is quite reliable.

Confirmatory Factor Analysis (CFA)

In order to determine whether the two-factor model obtained in Confirmatory Factor Analysis
(CFA) and exploratory factor analysis was confirmed, the covariance matrix of the scores obtained
from the scale were examined. LISREL 8.80 package program was used for confirmatory factor
analysis (Joreskog and Sorbom, 2004). In the literature for testing a measurement tool with
confirmatory factor analysis, there are many fit values to test the fit of the data. The most commonly
used of these fit values are: Chi-square, Comparative Fit Index of the tested model CFI, Standardized
Root Mean Square Resudual SRMR, which gives the mean of the differences between the explained
covariance and observed covariances of the model, SRMR, Mean of Approximate Errors Root Mean
Square Error of Approximation RMSEA, Non-Normed Fit Index (Tucker-Lewis Index-NNFI)
(Cokluk, 2010). Among these fit indices, RMSEA is .06 or less, SRMR is .08 or less, CFI, and NNFI
is .90 and a value is accepted as an acceptable fit indicator for the model, .95 and above is a good fit
index. In addition, although the fit values are not perfect, there are also acceptable fit values evaluated
on a sample basis (Hu and Bentler, 1999; Schumacker and Lomax, 2010). Table 6 shows good and
acceptable fit values, as well as the fit values obtained as a result of the confirmatory factor analysis of
the Mathematical Misconception Awareness Scale.

Table 6. Standard fit criteria and fit values of the mathematical misconception awareness scale

Fit measures Good fit values Acceptable compliance Recommended fit values
values

RMSEA 0.00<RMSEA<0.05 0.05<RMSA<0.10 0.097
SRMR 0.00<SRMR<0.05 0.05<SRMR<0.10 0.057
GFI 0.95<GFI<1.00 0.90<GFI<0.95 0.87
AGFI 0.90<AGFI<1.00 0.85<AGFI<0.90 0.88
NFI 0.95<NFI<1.00 0.90<NFI1<0.95 0.98
CFlI 0.95<CFI<1.00 0.90<CFI<0.95 0.98
RFI 0.90<RFI<1.00 0.85< RFI <0.90 0.97

According to Table 6; similarity rate was determined as chi-square statistic X2=331.17,
P<0.01. Root mean square approximation error (RMSEA)= 0.097; standardized root mean square
(SRMR) = 0.057; goodness of fit index (GFI)=0.87; adjusted goodness-of-fit index (AGFI)=0.88;
formed fit index (NFI) = 0.98; comparative fit index (CFI)= 0.98 relative fit index (RFI)= 0.97. The
results show that although it does not have perfect fit values, it is within acceptable values. In addition,
as a result of the calculation made with the chi-square / df operation, it has been shown that the
absolute fit of the scale to the database is at the good fit level according to Bollen's (1989) calculations
(chi square/df<3).
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The path diagram obtained as a result of the confirmatory factor analysis performed with the
mathematical misconception awareness scale is shown in Figure 1.
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Figure 1. Confirmatory factor analysis Path diagram
Discussion, Conclusion and Recommendations

As a result of this study, which aims to develop a scale for primary school teachers' awareness
of mathematical misconceptions, a 34-item mathematical misconception awareness scale with proven
validity and reliability was created. The overall Cronbach Alpha reliability coefficient of the scale is
0.97. However, it can be said that the scale is sufficient in terms of its use for classroom teachers. The
internal consistency coefficients for all three sub-dimensions of the scale are 0.96, 0.95 and 0.88,
respectively. It can be interpreted that these values are compatible with the current values in Emerson's
(2019) study and that the scale is reliable.

The items in the first factor were associated with the pedagogical and psychological
subheadings of the misconceptions. In addition, this factor is related to the extent to which classroom
teachers clarify their awareness of misconceptions in the learning and teaching processes of
mathematics and constitutes the dimension of "mathematical misconception awareness in learning and
teaching processes”. The items in the second factor were associated with the epistemological and
psychological subheadings of the misconceptions. However, this factor is related to the extent to
which classroom teachers' awareness of misconceptions is related to sub-learning areas of
mathematics. For this reason, it is named as “misconception awareness specific to mathematics
learning fields”. Finally, the items under the title of the third factor were associated with the
pedagogical, psychological and epistemological subheadings of misconceptions and to explain the
extent to which primary school teachers' awareness of misconceptions could occur in cognitive and
conceptual learning as a discipline and course in mathematics. This dimension was named as
“cognitive and conceptual awareness”. From this point of view, it can be concluded that the scale
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items are structurally at a level that can respond to all sub-headings (epistemological, psychological
and pedagogical) by combining the misconceptions with mathematics.

This scale has been prepared to measure whether the classroom teachers have misconceptions
about mathematics and whether they are aware of it. In addition, it is a good tool to get an idea about
which mathematics topics teachers have misconceptions about, how they learned in the past with these
misconceptions and how they teach now. In this direction, it has been determined whether the
awareness of the misconceptions of the classroom teachers determined within the scope of the research
is meaningful according to various variables such as gender, seniority year, the faculty they graduated
from and their current education status. Thus, it is aimed to improve the mathematics teaching that
teachers do by being aware of pre-existing or possible misconceptions. Zembat (2008, p.5) stated that
it is important for teachers to carry out studies to prevent misconceptions without revealing them, by
choosing appropriate teaching methods, especially in subjects where misconceptions are expected
more. In addition, this scale can be expanded to measure the awareness of pre-service teachers
studying in different departments in education faculties and teachers in different branches of
mathematical misconceptions. The most important aim of the researchers in developing this scale is to
raise awareness about mathematical misconceptions in all teachers related to the field, especially
primary school teachers, and to prevent them in their teaching.

As a result of the confirmatory factor analysis conducted within the scope of the study, it was
determined that the three-factor model had sufficient fit indices. As a result, it can be said that this
scale is a valid and reliable measurement tool that can be used to measure the mathematical
misconception awareness of classroom teachers and which sub-dimensions of misconceptions these
awareness correspond to. Along with the prepared scale, it is based on the fact that teachers or
prospective teachers at other education levels, especially primary school teachers, realize the
misconceptions that have occurred before or may occur during the teaching process and develop the
necessary solution proposals. As a matter of fact, teachers' awareness of knowledge, problems and
solutions on the basis of their teaching will make the teaching more meaningful. Depending on the
data obtained by using this scale, different studies can be conducted to improve the misconception
awareness of teachers and teacher candidates from different branches and levels.
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APPENDIX-1 Mathematical Misconception Awareness Scale

Item

Never
Rarely
Sometimes
Often
Always

1. | can explain what a mathematical misconception is.

2. | can distinguish between a mathematical error and a mathematical
misconception.

3. | can give examples of misconceptions that may occur in a
mathematics lesson.

4. | can notice if | have misconceptions in any learning area in
mathematics.

5. | can show examples that may cause misconceptions in the
mathematics curriculum and textbooks.

6. | know how to eliminate the misconceptions that may occur in
mathematics teaching.

7. | can make preparations before the mathematics lesson so that
mathematical misconceptions do not occur.

8. I make sure that students do not have misconceptions in mathematics
teaching.

9. | follow and examine the studies on mathematical misconceptions.

10. I can list the types of mathematical misconceptions.

11. 1 know how to detect mathematical misconceptions.

12. 1 know what kind of studies I will do so that a certain rule or concept
in mathematics is not generalized to other learning areas.

13. If my students have mathematical misconceptions, | know which
studies will be effective.

14. 1 can explain the causes of mathematical misconceptions.

15. | can give examples of the most common misconceptions in
mathematics.

16. | can predict what kind of misconceptions my students might have
before the math lesson.

17. | can eliminate the misconception by working with the parents about
the students who have mathematical misconceptions.

18. I can make special plans and programs for students with mathematical
misconceptions.

19. | can identify the mathematical misconceptions of the students within
the scope of the education they received before school.

20. | can do special studies on the mathematical misconceptions that may
occur in the pre-school period of the students.

21. | can prepare materials related to mathematics learning areas in order
to prevent the formation of mathematical misconceptions.

22. | can motivate students to overcome their mathematical
misconceptions.

23. | can discover students' misconceptions (if any) about numbers.

24. | can discover students' misconceptions (if any) about rational and
decimal numbers.

25. | can discover students' misconceptions (if any) about process.

26. | can discover students' misconceptions (if any) about mathematical
symbols (+,-.x, +).

27. | can discover students' misconceptions 27. | can discover students'
misconceptions about fractions (if any)about fractions.

28. | can discover students' misconceptions 28. | can discover students'
misconceptions about geometric shapes (if any) about geometric shapes.

29. | can discover students' misconceptions (if any) about number/place
value.

133




Journal of Education, Theory and Practice Research 2023, Vol 9, Issue 2, 122-134

Veli TOPTAS, Biisra USLUOGLU

30. I can discover students' misconceptions (if any) about the
measurement learning field.

31. I can discover students' misconceptions (if any) about the data
processing learning domain.

32. I can explain exemplary and non-exemplary situations related to
mathematical concepts.

33. I can distinguish between determinative and non-determining features
in mathematical concepts.

34. | can create concept cartoons, concept maps and networking concept
activities in order to avoid mathematical misconceptions.

This work is licensed under a Creative Commons Attribution 4.0 International License.
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Anahtar Kelimeler

Matematik 6gretiminde ele alinan sorunlardan birisi de matematiksel kavram
yanilgilaridir.  Ogrencilerin  6nceki derslerde gelistirdikleri ya da iginde
yasadiklar1 topluluktan okula getirdikleri hatalar ve kavram yanilgilari,
matematiksel kavramlarin siirekli 6grenilmesinde engeller olusturabilir ve sonug
olarak matematikte basarisizliga neden olabilir. Ogretmenlerde olan kavram
yanilgilarinin, 6grencilerin kavram yanilgilar1 iizerinde herhangi bir etkisinin
olup olmadigim1 gérmek de onemlidir. Bu arastirmada smif 6gretmenlerinin
matematikteki kavram yanilgilarina iligkin farkindaliklarini1 6l¢mek amaciyla bir
Olcek  gelistirmek  amaclanmigtir.  Matematiksel — kavram  yanilgis
farkindaliklarina iliskin farkli boyutlar1 belirlenen 36 maddelik taslak olgek
2022-2023 egitim Ogretim yilinda toplamda 372 simif Ogretmeni ile pilot
uygulama yapilmistir. Pilot uygulamadan elde edilen sonuglar ve uzmanlardan
alman goriislerden sonra 2 madde 6lgekten ¢ikarilmistir. Toplamda 34 madde
olarak olusturulan dlgek, 524 smif dgretmenine uygulanmistir. Olgme aracinin
geligtirilmesinde literatiir tarama, madde olusturma, igerik gecerligi (uzman
goriigiine bagvurma), 6n deneme ile gecerlik ve giivenirlik hesaplama asamalari
izlenmistir. Bir istatistik programi ile yapilan analiz sirasinda Agimlayici Faktor
Analizi (AFA) ile dlgegin 3 boyuttan olustugu saptanmustir. Arastirmacilar
olusan boyutlardaki sorularin ortak noktalar1 ve uzmanlarla yaptiklari goriis
aligverislerinden sonra sirastyla bu boyutlara ‘Ogrenme Ogretme Siireclerinde
Matematiksel Kavram Yanilgilar1 Farkindaligr’, ‘Matematik Ogrenme Alanlaria
Ozgii Kavram Yamlgilar1 Farkindahgr’, ‘Bilissel ve Kavramsal Farkindalik’
isimlerini vermiglerdir. Ayrica 6l¢egin Kaiser-Meyer-Olkin (KMO) degerinin
0.97 ve i¢ tutarlik katsayr (Cronbachalpha) degerinin 0=0.97 oldugu
goriilmiistiir. Elde edilen bulgular ile 6lgegin gegerli ve giivenilir bir yapiya sahip
oldugu sonucuna ulasilmigtir. Yapilan Dogrulayict Faktor Analizi (DFA) ile elde
edilen sonuglar mitkkemmel uyum degerlerine sahip olmasa da kabul edilebilir
sinirlar i¢inde oldugunu ortaya koymaktadir.

Kavram yanilgisi

Matematik

Matematiksel kavram yanilgist
Sinif 6gretmeni

Makale Hakkinda

Gonderim Tarihi: 17.01.2023
Kabul Tarihi: 21.07.2023
E-Yaym Tarihi: 31.08.2023

1Prof. Dr., Kirikkale Universitesi, Tiirkiye, vtoptas@gmail.com , https://orcid.org/0000-0001-8852-1852

2 Doktora Ogrencisi, Kirikkale Universitesi, Tiirkiye,busrausluoglu38@hotmail.com, https://orcid.org/0000-0002-7152-6419

122


mailto:vtoptas@gmail.com
mailto:busrausluoglu38@hotmail.com

Egitim Kuram ve Uygulama Arastirmalar: Dergisi 2023, Cilt 9, Say1 2, 122-134 Veli TOPTAS, Biisra USLUOGLU

Giris

Bireylerin sorunlara karsi ¢oziim iiretmesinin en temel yolu sorunun farkina wvarip
tanimlamasindan gegmektedir. Herhangi bir konuda sorun fark edildiginde ana hatlar1 belirlenir ve
¢cozlime giden yollar tek tek irdelenir. Matematik 6gretiminde ise Polya’nin stratejisi, bir problemi
¢Oziime kavusturmaya iliskin oldukc¢a kullaniglidir. George Polya problem ¢ézme siirecini dort asamali
siire¢ ile tanimlamistir. Bunlar; problemin anlasilmasi, ¢ozlimle ilgili stratejinin secilmesi, secilen
stratejinin uygulanmasi ve ¢6ziimiin degerlendirilmesidir (Polya, 1957). Bu sadece matematiksel
problemlere iligskin degil tiim hayati kapsayan bir ¢oziim iiretme siirecidir. Kisinin kendi hayatindaki
sorunlart fark edebilmesi ve kendi c¢oziimlerini iiretebilmesi i¢in bu beceriyi temelden yani
cocukluktan edinmis olmasit 6nemlidir. Piaget (2008)’e gore cocuklar sirasiyla, hareket zekalari,
benmerkezci diisiince ve akilcr diisiinceleri olmak iizere ii¢ dizge ile probleme yaklasir ve ¢dziime
kavustururlar. Yani problemi hareket halinde iken kesfederler, kendi ifadeleri ile kesfettiklerini
yorumlarlar ve daha sonra da bunu 6nceki 6grendikleriyle akilc1 bir diisiinceye doniistiiriirler (Maury,
2008). Bu yiizden sorunlarin ¢dziimiinde ebeveynlere oldugu kadar 6gretmenlere de oldukea is
diismektedir. Ogretmenler 6nce bireysel sorun ve eksikliklerini fark edip sonrasinda gocuklara bunu
nasil yapmalar1 gerektigi konusunda O6gretim yapmalidirlar. Aslinda, ¢ocuklara bilmenin bir “iist”
modelini 6gretmeliler.

Ustbilis kavrami 1970°li yillarda Flavel tarafindan ortaya atilmis kisinin 6grenmeyi 6grenmesi
tizerine odaklanmis bir kavramdir. Flavel, yaptig1 caligmalar sonucunda iistbilisi bellek iizerinde
yapilan islemleri belirtmek, bellegin fonksiyonlarini, sinirlarini agiklamak ve 6grencinin kendi biligsel
siiregleri lizerindeki denetimini agiklamasi olarak tanimlamistir. 1970’lerin sonlarina dogru bu kavram
genigletilerek {ist bellek yerine iistbilis (metacognition) kavrami kullanilmaya baglanmistir (Schneider
ve Lockl, 2002). Bu kavramin taninmasiyla birlikte arastirmacilarin ‘farkina varma ve farkinda olma’
gibi kavramlar da yapilan ¢alismalarin radarina girmistir (Ozsoy, 2008; Akpunar, 2011; Kalemkus,
2021; Onen, 2021, Bakkaloglu ve Toptas, 2022). Yapilan bazi calismalarda (Asik ve Ertkin, 2019;
Sevgi ve Caglikose, 2020; Arslan, 2021) bireylerin iistbilis farkindaliklarina yonelik bilisleri 6l¢lilmiis
ve kisilerin sorunlarini ele alma ve ¢dzmesi durumlar incelenmistir. Cocukluk doneminde evde ve
okulda edinilmesi elzem olan bu farkindaligin matematik gibi 6nemli bir derste de ele alindigi
caligmalar vardir. Ornegin, Kaplan ve Duran (2016) gelistirdikleri 6lcek ile dgrencilerdeki matematigi
bilme bilincini yani istbilissel farkindaligi 6lgme ve degerlendirmeyi amaglamisladir. Yapilan bu
caligma bizlere matematigin, farkindalik kazandirilarak gelistirilebilen bir bilim dali oldugunu
gostermigtir. Dolayisiyla matematik icerik olarak yalnizca ‘ne’ sorusunun degil ayn1 zamanda ‘nasil’
sorusunun da cevaplanmasi gereken bir alandir. Bu cevaplara ulagsmak i¢in de matematigin somut
diinyadaki karsilig1 ve bireylerin zihinlerindeki soyut 6grenmelerin anlamli olmas1 gerekir. Bilindigi
tizere her bireyin zihni farkli bir genislikte ve algidadir. Bu yiizden bireyler Neutzling, Pratt ve
Parker’in (2019) da bahsettigi gibi kendi algilarmi ve O6grenmelerini bilmeli ve buna goére yol
almalidirlar. Ustbilissel bilgi tam olarak bunu agiklamaktadir. Ozellikle matematik gibi dis diinya
bilgilerinin bireylerin zihinlerinde anlamli hale gelmesi iistbiligsel bilginin islevsel olmasiyla yakindan
ilgilidir. Matematigi 6grenmeye odaklanmakla birlikte 6grenmede var olan sorunlari da bilmek ve
analiz etmek onemlidir. Buradan hareketle matematik bilmek ve matematigi nasil bildigini bilmek
arasinda fark vardir gibi bir yorum yapilabilir.

Matematik Ogretiminde ele alinan sorunlardan birisi de matematiksel kavram yanilgilar
konusudur. Baki ve Bell (1997)’e gore matematik dersinde bir kavrami tanimlamak zor olabilir. Bir
kavrami tamimlamak icin bazen onunla iliskili kavramlari da agiklamak gerekir. Ornegin ondalik
kesirleri tanimlamak igin oncelikle kesir tanimina ihtiyag duyulmaktadir. Yani bireyler, kavramlari
Ogrenirken daha onceki 6n bilgileri iizerine inga ederler ve sahip olduklari bu 6n bilgileri bazen yeni
kavramlarin 6grenilmesinde zorluk yasamalarina sebep olur. Smith, Disessa ve Roschelle (1993),
kavram yanilgisini “sistematik bir gekilde hata {ireten 6grenci kavrayigi” olarak tanimlamistir. Bu
durumda oOgrencilerin onceki derslerde gelistirdikleri ya da iginde yasadiklari topluluktan okula
getirdikleri hatalar ve kavram yanilgilari, matematiksel kavramlarin siirekli 6grenilmesinde engeller
olusturabilir ve sonu¢ olarak matematikte bagarisizliga neden olabilir. Kavram yanilgilarinin
nedenlerini Fransiz matematik¢i Bernard Cornu ii¢ sekilde agiklamistir. Bunlar, kendiliginden olan ve
kavramin tarihsel siirecinde karsilasilan epistemolojik nedenler; kavrami 6grenirken kisisel durumlar
iceren psikolojik nedenler ve o6gretimin sekli, icerigi ve kullanilan yontemleri iceren pedagojik
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nedenlerdir (Akt: Ozmantar, Bingdlbali ve Akkog, 2008). Dolayisiyla dgretmenlerde olan kavram
yanilgilarinin, 6grencilerin kavram yanilgilar1 {izerinde herhangi bir etkisinin olup olmadigini gérmek
de onemlidir. Borasi (1994) kavram yanilgilarinin 6gretimde birer sigrama ya da baslangi¢ noktasi
olarak kullanilmasinin faydali olacagini séylemistir. Bu nedenle, ¢ocuklarin ¢ogunun hata yaptigi veya
yanlis genellemeler yaptig1 kavramsal alanlarin yan1 sira bunlardan sorumlu olan nedenleri ve bunlarm
nasil diizeltilecegini belirlemeye ihtiyac vardir. Ozdemir, Bayraktar ve Yilmaz (2017)’a gére kavram
yanilgilarinin 6gretmenler tarafindan bilinmesi ve 6grencilerde olusmamasi i¢in gerekli tedbirlerin
alinmas1 olduk¢a Onemlidir. Ciinkii Ogretmenler kavram yanilgilarint ve nedenlerini bilirlerse
ogrencilerin  olasit hatalarim1  ya da kavram yanilgilarini  Onleyebilirler.  Elbette  bunu
gerceklestirebilmenin yolu 6gretmenlerin kendi kavram yanilgilarinin farkinda olup olmadiginin veya
var olan kavram yanilgilarina ne gibi ¢6ziim getirdikleriyle ilgilidir. Sadi (2007)’ye gore matematiksel
kavram yanilgilar1 heniiz ortaya ¢ikmadan sinif 6gretmenlerinin, 6grencilerin zihninde olusabilecek
yanlis kavramalarin nedenlerinin farkinda olmasi gerekmektedir. Daha 6nce de vurgu yapildig: gibi
matematigi yalmizca bilmekle kalmayip nasil bildigimizi veya bilemedigimizi fark etmek de
ogrenmenin kalic1 ve anlamli hale gelmesine katki saglar. Ogretimin 6nde gelen kademelerinden olan
ilkokul diizeyi matematik dersinde ise bu tarz 6grenme sorunlarini ¢dzmenin ilk basamagi sinif
Ogretmenlerinden gectigi diisliniilmektedir. Bunun i¢in de yapilabilecek ilk igin sinif 6gretmenlerinin
konu ile ilgili farkindaliklarmi 6lgmek ve degerlendirmektir. Bu calismada sinif &gretmenlerinin
matematikteki kavram yanilgilarina iligkin farkindaliklarin1 6grenmek amaciyla bir 6lgek gelistirmek
amaclanmistir.

Yontem

Bu bolimde Smif Ogretmenlerine Yonelik Matematiksel Kavram Yamlgisi Farkindalik
Olgeginin Gelistirilmesi: Giivenirlik Calismasinin hangi asamalarda yapildig1 ve calisma grubunun
ozellikleri sunulmustur. Katilimcilarin matematiksel kavram yanilgis1 farkindaliklarimi belirlemeye
yonelik bir 6lgek gelistirmeyi amaglayan bu arastirmada tarama modeli kullanilmigtir.

Calisma Grubu

Bu calisma, 2022-2023 egitim-dgretim yilinda I¢ Anadolu bolgesindeki bir ilde gorev
yapmakta olan 524 smif Ogretmeninin kattlmiyla gerceklestirilmistir. Katilimer sayisimin
belirlenmesinde taslak olgekte ve nihai 6lgekte yer alan madde sayilar1 baz alinmistir. Literatiirde
Olcek gelistirme calismalarinda katilimer sayisinin madde sayisinin 5 ila 10 kat1 olmasi 6nerilmektedir
(Child, 2006; Dogan ve Basokgu, 2010; Tavsancil, 2018). Caligma kapsaminda taslak 6l¢ekte 36
madde bulundugu icin ilk etapta 372 ve agimlayici faktdr analizi sonrasinda olusan nihai 6lgcekteki 34
madde i¢in de 524 smif 6gretmenine ulagilarak 6lgeklerdeki madde sayilarinin 10 katindan daha fazla
katilimciya ulagiimistir.

Caligma grubunu, random 6rnekleme yontemi ile belirlenmis olan, 2022-2023 6gretim yilinda
MEB’de aktif gorev yapmakta olan toplam 524 simf oOgretmeni (307 kadin, 217 erkek)
olusturmaktadir. Smif Ogretmenlerinin kidem yillar1 139’unun 0-10 yil; 138’inin 11-20 yil ve
247’sinin ise 21 yil ve sonrasi olarak belirlenmistir. Ogretmenlerin 399’u Egitim Fakiilteleri’nden,
125’1 ise Meslek Yiiksek Okullari’ndan mezun olduklarini belirtmislerdir. Ayrica dlgek igersinde sinif
Ogretmenlerinden 50’si 6n lisans, 408’1 lisans, 65’1 yiiksek lisans ve 1’1 doktora mezunu olduklarini
isaretleyerek giincel egitim durumlarini belirtmislerdir.

Verilerin Toplanmas:

Arastirma kapsaminda sinif 6gretmenlerinin matematiksel kavram yanilgisi farkindaliklarini
O0lcmeyi amaclayan Olgegin gelistirilmesi i¢in alan yazinda yer alan agsamalar dikkate alinmistir
(Lawshe, 1975; Biiyiikoztiirk, 2011). Dolayisiyla 6lgek gelistirme siirecinde su agamalar izlenmistir:

1. Madde Havuzu Olusturulmasi: Alanyazin taramasi yapilarak kavram yanilgist ve
matematiksel kavram yanilgilarina ilisgkin alanlar ve alt bagliklar (epistemolojik, psikolojik ve
pedagojik) belirlenmistir. Arastirmacilar 6lgek maddelerini hazirlamadan 6nce matematiksel kavram
yanilgilarina ve dgretimle olan iliskisi hakkinda genis ¢apli bir literatiir taramasi1 yapmis ve halihazirda
yurti¢i ve yurtdisi kaynaklarda yer alan matematikteki kavram yamilgilarma iliskin c¢alismalar
incelemislerdir (Kiigiik ve Demir, 2009; Tiirkdogan, Giiler, Biilbiil ve Danisman, 2015; Mohyuddin ve
Khalil, 2016; Ozdemir ve Bayraktar, 2017; Mutlu ve Séylemez, 2018; Neidorf vd., 2020). incelenen
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caligmalardan elde edilen matematikle iligkilendirilen kavramsal yanilgilari, farkindaliklart ve
gelistirilebilecek ¢6ziim Onerileri gibi oOlgek ifadeleri kavram yanilgist ve matematik konu
gergevesinde yeniden diizenlenmis ve toplam 36 ifade ile taslak Olgegin madde havuzu
olusturulmustur. Olusturulan dlgek 5°li Likert tipi 6lgektir. Likert teknigiyle yapilan araglar, ciimleler
ve her ciimleye verilen cevap formatlarinin bir setinden olusur. Genel olarak tamamen katiliyorum
seceneginden hi¢ katilmiyorum segenegine dogru bes dereceli bir format kullanilir. Aragtan puanlari
elde edebilmek igin her maddenin puanlari toplanir. Tamamen katiliyorum, hi¢ katilmiyorum gibi bes
dereceli cevap formu 1’den 5’e kadar olan degeri ortaya koyar (Tekindal, 2009, s.88). Bu dlcekte de
belirlenen olumlu ve olumsuz maddeler 5°1i Likert, “hi¢bir zaman”, “nadiren”, “bazen”, “sik sik”, “her
zaman” seklinde derecelendirilmistir.

2. Kapsam Gegerliliginin Belirlenmesi: Kapsam gecerliligi, ol¢iilmek istenen 6zellikler i¢in
kullanilan maddelerin nicelik ve nitelik olarak yeterliligi anlamina gelmektedir. Testi olusturan
maddelerin, Ol¢iilmek istenen davranisi (6zelligi) nicelik ve nitelik olarak yeterli olup olmadigini ifade
eden kapsam gecerliligini belirlemede kullanilan mantiksal yollardan biri de Lawshe teknigi olan
uzman gorlslerine basvurmaktir (Lawshe, 1975; Biiyiikoztirk, 2011). Bu asamada arastirmalar
olusturduklari madde havuzunda yer alan ifadeleri derleyip alandaki uzmanlara (biri matematik ve
ikisi sinif egitimi alaninda uzman olmak {izere toplam {i¢ dogent doktor) goriis ve Onerilerini alinmak
iizere sunulmustur. Uzmanlar inceledikleri sorularin bazilarini birbirleriyle benzer bulduklarini beyan
etmislerdir. Bu yilizden benzer olan ifadeler tek maddede birlestirilmistir. Ayrica bazi sorularin dil ve
anlatiminda daha sade bir yola gidilmesini Onermislerdir. Uzmanlarin degerlendirmeleri 1s1ginda
maddeler yeniden gozden gecirilmis benzer sorular bir araya getirilmis ya da taslak oOlcekten
cikarilmistir ve gerekli diizeltmeler yapilmistir. Uzmanlarin ortak goriisleri arasinda “kavram
yanilgis1” ile “tutum” kavramlarinin ayrimini yapilmasi ornek gosterilebilir. Boylece taslak 6lgegin
son hali 34 madde olarak ele alinmustir. Olgekte ters madde bulunmamaktadir.

3. Ol¢me Aracimin Uygulanmast: Olgek maddelerinin son halinin test edilmesi amaciyla I¢
Anadolu bolgesinde gorev yapmakta olan 372 siif 6gretmeni ile pilot gruba uygulama yapilmistir.
Pilot uygulamalarindan sonra ol¢ekten iki madde c¢ikarilmis ve 34 madde demografik bilgiler ile
birlikte i¢ Anadolu bélgesindeki bir ilde gérev yapmakta olan toplamda 524 siif dgretmenine
uygulanmistir. Katilimeilarin her birine Google Form {izerinden ulasilmis ve veriler bu platform
iizerinden kaydedilmistir. Katilim siiresi ortalama 5 ila 7 dakika stirmiistiir.

4. Yapr Gegerliliginin Belirlenmesi: Yap1 gecerliligi, ol¢lilmek istenen niteliklerin Sl¢iiliip
Ol¢lilmediginin arastirilmasi hakkinda bilgi vermektedir (Kurt, 2001). KMO degeri 0.97 ve Barlett
testi sonucu p= .000 bulunarak faktor analizine uygunlugu goriilen 6lgme aracinin yapi gecerliligini
belirleyebilmek icin simif Ogretmenleri ve Ogretmen adaylarindan elde edilen veriler iizerinde
acimlayici faktor analizi yapilmistir. Orneklem biiyiikliigii i¢in 0.60 KMO degeri yeterli 0.90 ve iizeri
KMO degerlerin mitkemmel olarak yorumlanmaktadir (Tavsancil, 2006; Shrestha, 2021). A¢imlayict
faktor analizi arastirmacilarca belirlenen maddeler arasindan aymi1 yapiyr ya da niteligi Olgen
maddelerin belirlenerek gruplandirilmast ve az sayidaki bu anlamli {ist yapilarla Slgmenin
aciklanmasini amaglayan bir analiz teknigidir (Biyiikoztiirk, 2011). Bu siiregte, Kaiser—Meyer-Olkin
(KMO) ve Bartlett testi sonuglari, maddelerin ortak faktdr varyans degerleri, 6zdeger ¢izgi grafigi,
temel bilesenler analizi sonuglarindan yararlanilmistir. Faktor analizinde varimax (dondiirme) teknigi
kullanilmistir. Arastirmadaki tiim analizler bir istatistik programi araciligiyla yapilmustir.

5. Giivenirliligin Belirlenmesi: Veri toplama aracinin giivenilirligi Cronbach alfa giivenilirlik
katsayis1 analiz edilmistir. Cronbach alfa giivenilirlik katsayis1 degeri, 6lcegin test puanlart arasindaki
i¢ tutarliligmin bir dlgiisiidir ve 0.70 ve tizeri degerler Olgegin giivenilirligi i¢in yeterli kabul
edilmektedir (Biiyiikoztiirk, 2011; Tavakol ve Dennick, 2011; Shrestha, 2021). Olgegin Cronbach alfa
giivenilirlik katsayist 0.972°‘dir ve bu veri Olgegin oldukca giivenilir oldugunu belirtmektedir
(Adeniran, 2019).

6. Veri Toplama Aracina Son Seklinin Verilmesi: Olgegin uygulanmasi sonrasinda 6l¢ekteki
baz1 maddeler yeniden diizenlenmis ve olgege son sekli verilmistir. Olgegin son hali 34 maddeden
olusmaktadir. Olgekte ters madde bulunmamaktadir (EK-1).
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Verilerin Analizi

Pilot gruba uygulanan dlgekten alinan sonuglar 1s18inda Glgegin yapr gecerligi igin faktor
analizi yapilmistir. Verilerin faktér analizi yapmaya uygun olup olmadigini arastirmak amaciyla
(Shrestha, 2021) Kaiser Meyer-Olkin (KMO) testi uygulanmistir. Verilerin faktor analizine uygun
cikmasindan sonra Orneklem yeterliligini incelemek amaciyla Diagonal Anti-image Correlation
degerleri incelenmistir. Diyagonal degerleri 0.40’tan diisiik olan maddeler dl¢ekten ¢ikarildiktan sonra
evrendeki verilerin ¢ok degiskenli normal dagilimdan gelip gelmedigi Barlett testi ile kontrol
edilmistir (Shrestha, 2021). Olgegin yapr gegerligini incelemek amaciyla, degiskenler arasindaki
iligkilerden hareketle faktor bulmaya yonelik bir islem olan agimlayici faktor analizine bagvurulmustur
(Biiyiikoztiirk, 2011; Sowden, Schonfeld ve Bianchi, 2022). Ol¢ek maddelerinin kag¢ tane énemli
faktorii ya da yapiy1 dlgtiigiine karar vermek amaciyla faktor 6z degerlerine dayali olarak cizilen ¢izgi
grafigi incelenmistir. Faktorlestirme tekniklerinden temel bilesenler analizi kullanilmistir. Ayrica
faktorlerin kendileri ile yiiksek iliski veren maddeleri bulmasi ve faktorlerin daha kolay yorumlanmasi
amactyla dik dondiirme tekniklerinden varimax (dondiirme) teknigi tercih edilmistir (Biiyiikoztiirk,
2011). Ayrica farkli bir 6rneklemden elde edilen veriler iizerinde ise dogrulayici faktor analizi
yapilmistir.

Bulgular

Bu boliimde gelistirilen 6lgek igin yapilan istatistiksel analizler ve elde edilen sonuglar tablo
haline getirilerek yorumlanmistir.

Agimlayict Faktor Analizi

Faktor analizi, testlerin, dlgeklerin ve Ol¢limlerin gelistirilmesinde, rafine edilmesinde ve
degerlendirilmesinde kullanilan 6nemli bir aractir (Williams ve Brown, 2010). Faktor analizi, bir
dlgegin yap1 gecerligini belirlemede kullanilmas1 gereken analizlerden birisidir. Orneklem grubundan
elde edilen verilerin faktor analizi yapmak i¢in uygun olup olmadigi Kaiser Meyer Olkin (KMO)
katsayis1 ve Bartlett kiiresellik testi ile agiklanabilir (Biiytikoztiirk, 2011; Capik, Géziim ve Aksayan,
2018). Veri setinin faktor analizine uygun olmasi icin KMO degerinin .50’den biiylik olmasi, veri
setinin faktor analizine miikemmel bir bicimde uyumlu olmasi i¢in ise KMO degerinin .90’a yakin
degerde olmasi gerektigi bilinmektedir (Kalayci, 2006). Calismada yapilan analiz sonucunda elde
edilen KMO ve Barlett degerleri Tablo 1’de verilmistir.

Tablo 1. Matematiksel kavram yanilgisi farkindalik 6lgegi KMO ve Barlett testi sonuglari

KMO .970
Ki-Kare 15784.975

Kiiresel Barlett Testi Sd 561

p .000

Tablo 1 incelendiginde KMO degerinin 0.970 oldugu goriilmektedir. Bu degere gore faktor
analizi yapmak i¢in 6rneklem biiyiikliigiiniin yeterli oldugu belirlenmistir. Bartlett testi ise p= 0.000
seklinde anlamli bulunmustur. Bu sonuca gore korelasyon matrisi i¢in faktér analizi yapmak
uygundur. Ayrica 6lgegin ka¢ faktérden olustugunu belirleyebilmek igin agimlayici faktor analizi
yapimistir. A¢imlayici faktdr analizi, arastirmacinin 6lgme aracinin Olgtiigli faktorlerin sayisi
hakkinda bir bilgisinin olmadigi, belli bir hipotezi sinamak yerine, 6lgme araciyla ol¢iilen faktorlerin
dogas1 hakkinda bir bilgi edinmeye ¢alistig1 inceleme tiiriine denir (Child, 2006; Tavsancil, 2006).
Yapilan ilk analiz sonucunda 6zdegeri 1 ve iizerinde olan ii¢ faktor oldugu belirlenmistir. Yapilan ilk
analize iligkin bulgular Tablo 2’dedir.

Tablo 2. Matematiksel kavram yanilgisi farkindalik 6lgegi agimlayici faktor analizi sonuglari

Faktor Ozdeger Varyans agiklama Varyans agiklama
yiizdesi (Toplam) yiizdesi (Birikimli)

1 17.841 52.474 52.474

2 3.155 9.279 61.753

3 1.683 4.950 56.704

126



Egitim Kuram ve Uygulama Arastirmalar: Dergisi 2023, Cilt 9, Say1 2, 122-134 Veli TOPTAS, Biisra USLUOGLU

Tablo 2’ye gore taslak dlgekte 6zdegeri 1 ve lizerinde olan ii¢ faktor oldugu goriilmektedir. Bu
faktorlerin varyansa yaptigi toplam katki ise %56.704’tiir. Tablo 3’te ii¢ faktdrden olusan
Matematiksel Kavram Yanilgisi Farkindalik Olgegi *nin varyans agiklama yiizdeleri verilmistir.

Tablo 3. Matematiksel kavram yanilgis1 farkindalik 6lgegi varyans agiklama yiizdeleri

Faktor Ozdeger Varyans agiklama Varyans agiklama
yiizdesi (Toplam) yiizdesi (Birikimli)
1 8.687 25.551 25.551
2 7.962 23.419 48.970
3 6.030 17.734 56.704

Tablo 3’te goriildigii gibi birinci faktoriin varyans agiklama yiizdesi 25.551, ikinci faktoriin
varyans agiklama yiizdesi 23.419, {iglincii faktdriin varyans agiklama yiizdesi ise 17.734 tiir. Ug faktor
ile aciklanan toplam varyans ise 56.704 olarak belirlenmistir. Cok faktorlii 6l¢eklerde agiklanan
varyansin% 40 ile % 60 arasinda olmasi yeterlidir (Biiylikoztiirk, 2007). Bu aciklamaya gore 6lcegin
acikladigi Varyans oraninin yeterli oldugu agiklanabilir. Matematiksel kavram yanilgis1 farkindalik
6lceginin dondiiriilmiis temel bilesenler analizi (varimax) sonuglar1 Tablo 4’te sunulmustur.

Tablo 4. Matematiksel kavram yanilgis1 farkindalik 6lgeginin dondiiriilmiis bilesen matrisi

Madde No Faktor-1 Faktor-2 Faktor-3

18 .789

20 .784

21 748

17 721
9 .695

19 .687

12 .673

13 .650

34 .629

10 .629

14 .624

15 .606

11 .586

16 575

22 .564
7 481
8 420

29 .849

28 .841

26 .834

27 .832

30 .816

31 .789

25 726

32 .662

23 .657

33 .654

24 .563
2 .803
3 .786
1 773
4 723
5 .646
6 .609

Tablo 4 incelendiginde birinci faktérde yer alan maddelerin faktor yiikii degerleri 0.78 ile 0.42
arasinda; ikinci faktorde yer alan maddelerin faktdr yiikii 0.84 ile 0.56 arasinda ve ligiincii faktdrdeki
maddelerin faktor yiikii ise 0.80 ile 0.60 arasinda oldugu goriilmektedir. Aragtirmacilarin yapmis
oldugu faktor analizi sonucunda birinci faktorde 17, ikinci faktorde 11, {igiincli faktdrde ise 6 madde
oldugu saptanmistir. Arastirmacilar Slgegin alt boyutlarini isimlendirmiglerdir. Birinci faktor igin
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“Ogrenme Ogretrne Siirecleri Farkindalig1” (Madde 18, 20, 21, 17, 9, 19, 12, 13, 34, 10, 14, 15, 11, 16,
22,7, 8), ikinci faktor igin “Matematik Ogrenme Alanlarma Ozgii Farkindalik” (Madde 29, 28, 26, 27,
30, 31, 25, 32, 23, 33, 24) ve liglincii faktor igin “Biligsel ve Kavramsal Farkindalik” (Madde 2, 3, 1, 4,
5, 6) isimleri uygun goriilmiistiir. Arastirmacilarin gelistirdigi 6l¢ek calismada ek olarak sunulmustur
(EK-1). Ayrica 0Olgegin giivenirlik analizi Cronbach Alpha i¢ tutarlilik katsayisi hesaplanarak
yapilmistir. Matematiksel Kavram Yamilgis1 Farkindalik Olgegi’ne ve alt boyutlarina yonelik
hesaplanan Cronbach Alpha giivenirlik katsayilar1 Tablo 5’te gosterilmistir.

Tablo 5. Matematiksel kavram yanilgis1 farkindalik 6lgeginin i¢ tutarlhilik katsayilari

Faktor Madde say1si I¢ tutarhilik sayist
Ogrenme 6gretme siireclerinde 17 .962
matematiksel kavram yanilgist
farkindalig1
Matematik 6grenme alanlarina 11 .953
0zgii kavram yanilgis1 farkindaligt
Bilissel ve kavramsal farkindalik 6 .883
Olgek toplam 34 972

Tablo 5°te Matematiksel Kavram Yanilgis1 Farkindalik Olgegi Cronbach Alpha ig tutarlilik
katsayilarmin her bir faktor i¢in aldig: degerlere yer verilmistir. Olgegin toplam giivenirlik katsayisi
0.97°dir. Bu verilerin degerleri ile 6lgegin oldukca gilivenilir oldugu sdylenebilir.

Dogrulayict Faktor Analizi

Dogrulayici1 Faktor Analizi (DFA), acimlayici faktér analizinde elde edilen iki faktorlii
modelin dogrulanip dogrulanmadigini belirlemek amaciyla 6lgekten elde edilen puanlar co-varyans
matriksleri incelendi. Dogrulayici faktor analizi kullanilan bir istatistik programi ile bir 6lgme aracinin
dogrulayici faktor analiziyle test edilmesi i¢in alan yazinda, verilerin uyumunu simamak i¢in birgok
uyum degeri bulunmaktadir. Bu uyum degerlerinden en yaygin olarak kullanilanlar: Ki kare, sinanan
modelin Kargilastirmali Uyum Indeksi (Comperative Fit Index) CFI, modelin agiklanan co-varyans ile
gozlenen co-varyanslar1 arasindaki farklarin ortalamasini veren Standardize Edilmis Hatalarin
Ortalama Karekokii (Standartized Root Mean Square Resudual) SRMR, Yaklasik Hatalarin Ortalama
Kare Kokii (Root Mean Square Error of Approximation) RMSEA, Normallestirilmemis Uyum Indeksi
(Non-Normed Fit Index/ Tucker-Lewis Index-NNFI) (Cokluk vd., 2010). Bu uyum indekslerinden
RMSEA .06 veya daha az bir degere, SRMR .08 ya da daha az, CFI, ve NNFI ise .90 ve bir deger
model icin kabul edilebilir uyumun gostergesi, .95 ve {istii iyi bir uyum indeksi olarak kabul
edilmektedir. Buna ek olarak uyum degerleri miikemmel olmasa da 6rneklem bazinda degerlendirilen
kabul edilebilir uyum degerleri de bulunmaktadir (Hu ve Bentler, 1999; Schumacker and Lomax
2010). Tablo 6°da iyi, kabul edilebilir uyum degerleriyle birlikte Matematiksel Kavram Yanilgisi
Farkindalik Olgegi’nin dogrulayici faktér analizi sonucunda elde edilen uyum degerleri yer
almaktadir.

Tablo 6. Matematiksel kavram yanilgisi farkindalik 6lgeginin standart uyum 6lgiitler ve uyum degerleri

Uyum olgiileri Iyi uyum degerleri Kabul edilebilir uyum Onerilen uyum degerleri
degerleri

RMSEA 0.00<RMSEA<0.05 0.05<RMSA<0.10 0.097
SRMR 0.00<SRMR<0.05 0.05<SRMR<0.10 0.057
GFI 0.95<GFI<1.00 0.90<GFI1<0.95 0.87
AGFI 0.90<AGFI<1.00 0.85<AGFI<0.90 0.88
NFI 0.95<NFI<1.00 0.90<NFI1<0.95 0.98

CFlI 0.95<CFI<1.00 0.90<CFI<0.95 0.98

RFI 0.90<RFI<1.00 0.85< RF1 <0.90 0.97

Tablo 6’ya gore; benzerlik orani ki-kare istatistigi X?=331.17, P<0.01 olarak tespit edilmistir.
Kok ortalama kare yaklasim hatast (RMSEA)= 0.097; standardize edilmis kok ortalama kare
(SRMR)= 0.057; uyum iyiligi indeksi (GFI)= 0.87; diizeltilmis uyum 1iyiligi endeksi (AGFI)= 0.88;
formlanmig uyum endeksi (NFI)= 0.98; karsilastirmali uyum endeksi (CFI)= 0.98 goreli uyum endeksi
(RFD=0.97 olarak belirlenmistir. Elde edilen sonug¢lar miikemmel uyum (fit) degerlerine sahip olmasa
da genel olarak kabul edilebilir smirlar iginde oldugunu ortaya koymaktadir. Ayrica ki kare/sd
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islemiyle yapilan hesaplama sonucunda 6lgegin veri tabanina mutlak uygunlugunun Bollen (1989)’in
hesaplamalarina goére iyi uyum diizeyinde oldugu sonucunu géstermistir (ki kare/ sd<3).

Matematiksel kavram yanilgisi farkindalik 6l¢egi ile yapilan dogrulayici faktor analizi sonucu
elde edilen path diyagrami Sekil 1’de gosterilmistir.
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Sekil 1. Dogrulayici faktor analizi Path diyagrami
Tartisma, Sonuc ve Oneriler

Siif Ogretmenlerinin  matematiksel kavram yanilgis1 farkindaliklarina iliskin bir 6l¢ek
gelistirmeyi amaclayan bu ¢alismanin sonucunda gecgerlik ve giivenirligi kanitlanmis 34 maddelik bir
matematiksel kavram yanilgis1 farkindalik 6lcegi olusturulmustur. Olgegin genel olarak Cronbach
Alpha giivenirlik katsayist 0.97’dir. Bununla birlikte 6lgegin sinif 6gretmenleri i¢in kullaniminin
uygunlugu agisindan yeterli oldugu sdylenebilir. Olcegin ii¢ alt boyutu icin de i¢ tutarlilik katsayilar:
sirastyla 0.96, 0.95 ve 0.88’dir. Bu degerler ile Emerson’un (2019) ¢alismasinda yer alan giincel
degerlerin uyumlu ve 6lgegin giivenilir oldugu yorumu yapilabilir.

Birinci faktérde yer alan maddeler, kavram yanilgilarinin pedagojik ve psikolojik alt
bagliklariyla iliskilendirilmistir. Ayrica bu faktor sinif 6gretmenlerinin matematik dersini 6grenme ve
Ogretme siireclerindeki kavram yanilgilarma dair farkindaliklarini  ne 6lgiide  acgikliga
kavusturduklariyla ilgilidir ve “Ogrenme Ogretme siireglerinde matematiksel kavram yanilgisi
farkindalig’” boyutunu olusturmaktadir. Ikinci faktordeki maddeler, kavram yanilgilarinin
epistemolojik ve psikolojik alt basliklariyla iliskilendirilmistir. Bununla birlikte bu faktoér sinif
Ogretmenlerinin matematigin alt 6grenme alanlartyla ilgili kavram yanilgis1 farkindaliklarinin ne
Olglide olduguyla iligkilidir. Bu yiizden “matematik 6grenme alanlarina 6zgli kavram yanilgisi
farkindalig1” olarak adlandirilmistir. Son olarak tiglincli faktor bagligr altinda yer alan maddeler,
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kavram yanilgilarinin pedagojik, psikolojik ve epistemolojik alt basliklartyla ve sinif 6gretmenlerinin
matematik dersinin bir bilim dal1 ve ders olarak biligsel ve kavramsal 6grenmeye yonelik olusabilecek
kavram yanilgisi farkindaliklarinin ne 6lgiide oldugunu agiklamak ile iliskilendirilmistir. Bu boyut
“bilissel ve kavramsal farkindalik” olarak adlandirilmigtir. Buradan hareketle 6lgek maddelerinin
yapisal olarak kavram yanilgilarinin matematik ile i¢ ige hale getirilip tiim alt bagliklarma
(epistemolojik, psikolojik ve pedagojik) cevap verebilecek diizeyde oldugu sonucuna ulasilabilir.

Bu olcek simif dgretmenlerinin matematige iliskin kavram yanilgilarinin var olup olmadig: ve
var ise bunun farkinda olup olmadiklarini 6l¢mek igin hazirlanmigtir. Ayrica 6gretmenlerin kavram
yanilgilarinin hangi matematik konular1 icerisinde oldugu, bu kavram yanilgilan ile ge¢cmiste nasil
Ogrenim gordiikleri ve simdi nasil 6gretim yaptiklarma dair bir fikir elde etmek i¢in iyi bir aractir. Bu
dogrultuda arastirma kapsaminda belirlenen sinif O6gretmenlerinin kavram yanilgilarina iliskin
farkindaliklarinin cinsiyet, kidem yili, mezun olduklar fakiilte ve giincel egitim durumlar: gibi ¢esitli
degiskenlere gore anlamlilik gosterip gostermedigini belirlenmistir. Boylece 6gretmenlerin dnceden
var olan veya sonrasinda olusabilecek kavram yanilgilarinin farkinda olarak yaptiklari matematik
ogretimini gelistirmeleri amaglanmistir. Zembat (2008, s.5), bu konuyla ilgili 6gretmenlerin 6zellikle
kavram yanilgilariin daha ¢ok beklenildigi konularda uygun 6gretim yontemleri segerek yanilgilar
ortaya ¢cikarmadan engellemeye yonelik ¢aligmalar yapmalarinin 6nemli oldugunu belirtmistir. Ayrica
bu olcek egitim fakiiltelerinde farkli ana bilim dallarinda 6grenim goren 6gretmen adaylar1 ve farkl
branglardaki dgretmenlerin matematiksel kavram yanilgilan1 farkindaliklarimi Slgme amaciyla da
genisletilebilir. Arastirmacilarin bu 6lgegi gelistirmedeki en 6nemli amaglari, basta simif 6gretmenleri
olmak iizere alanla iligkili tiim 6gretmenlerde matematiksel kavram yanilgilarina dair bir farkindalik
olusturmak ve 6gretimlerinde bunun 6ntine ge¢cmelerini saglamaktir.

Calisma kapsaminda yapilan dogrulayici faktor analizi sonucunda ii¢ faktorlii modelin yeterli
uyum indekslerine sahip oldugu tespit edilmistir. Sonug¢ olarak, bu 6lgegin simif Ggretmenlerinin
matematiksel kavram yanilgis1 farkindaliklarmi ve bu farkindaliklarin kavram yanilgilarinin hangi alt
boyutlaria denk geldigini dl¢ebilecek ve kullanilabilecek gecerli ve giivenilir bir 6lgme aract oldugu
sOylenebilir. Hazirlanan o6l¢ek ile birlikte basta simif Ogretmenleri olmak iizere diger Ogretim
kademelerindeki 6gretmenlerin veya dgretmen adaylarimi matematik dersine iligkin 6nceden olusmus
veya sonradan Ogretim esnasinda olusabilecek kavram yanilgilarini fark etmeleri ve gereken ¢6ziim
Onerilerini gelistirmeleri esas alinmistir. Nitekim &gretmenlerin yapacagi 6gretim temelinde bilgi,
sorun ve ¢ozim Onerileri ile ilgili farkindaliklarinin olmasi yapilan 6gretimi daha anlamli hale
getirecektir. Bu 6lgegin kullanilmasi ile elde edilen verilere bagli olarak farkli brang ve diizeylerde
olan ogretmen ve Ogretmen adaylarmin matematige iliskin kavram yanilgis1 farkindaliklarim
gelistirmeye yonelik farkli caligmalar yapilabilir.

Kaynakc¢a
Adeniran, A. O. (2019). Application of Likert scale’s type and Cronbach’s alpha analysis in an airport perception

study. Scholar Journal of Applied Sciences and Research, 2(4), 1-5.

Akpunar, B. (2011). Bilis ve istbilis (metabilis) kavramlarmin zihin felsefesi agisindan analizi. Electronic
Turkish Studies, 6(4).

Arslan, A. (2021). Ortaokul 6grencilerinin akademik motivasyonlar1 ve matematiksel iistbilis farkindaliklar
arasindaki iligkinin incelenmesi. Journal of Computer and Education Research, 9(18), 655-681.

Asik, G., ve Erktin, E. (2019). Ustbilissel deneyimlerin {istbilis bilgisi ile problem ¢dzme iliskisindeki aracilik
etkisi. Egitim ve Bilim, 44(197).
Baki, A. ve Bell, A. (1997). Ortadgretim matematik éretimi. Ankara: YOK Yayinlar1.

Bakkaloglu, S., ve Toptas, V. (2022). Egitim alaninda iistbilis {izerine yapilan lisansiistii tezlerin icerik
analizi. Trakya Universitesi Sosyal Bilimler Dergisi, 24(1), 155-177.

Bollen, K. A. (1989). A new incremental fit index for general structural equation models. Sociological Methods
& Research, 17(3), 303-316.

Borasi, R. (1994). Capitalizing on errors as “spring boards for inquiry”: A teaching experiment. Journal for
Research in Mathematics Education, 25 (2).

Biiyiikoztiirk, S. (2007). Sosyal bilimler igin veri analizi el kitabi. Ankara: Pegem Yayincilik.
Biiytikoztiirk, S. (2011). Sosyal bilimler i¢in veri analizi el kitabi, (14. baski), Ankara: Pegem Yayincilik.
Child D. (2006) The essentials of factor analysis. Continuum.

130



Egitim Kuram ve Uygulama Arastirmalar: Dergisi 2023, Cilt 9, Say1 2, 122-134 Veli TOPTAS, Biisra USLUOGLU

Capik, C., Gozim, S., ve Aksayan, S. (2018). Kiiltiirleraras: 6lgek uyarlama agamalari, dil ve kiiltiir uyarlamast:
Giincellenmis rehber. Florence Nightingale Hemsirelik Dergisi, 26(3):199-210.

Cokluk, O., Sekercioglu, G. ve Biiyiikoztiirk, S. (2010). Sosyal bilimler icin ¢ok degiskenli istatistik: SPSS ve
Lisrel uygulamalari. Ankara: Pegem Akademi.

Dogan N. ve Basok¢u T. (2010). istatistik tutum &lgegi i¢in uygulanan faktdr analizi ve asamali kiimeleme
analizi sonuglarmin Karsilastirilmasi. Egitimde Psikolojik Olgme Degerlendirme Dergisi, 1(2), 65-71.

Emerson, R. W. (2019). Cronbach's alpha explained. Journal of Visual Impairment & Blindness, 113(3), 327-
328.

Hu, L., & Bentler, P. M. (1999). Cut of criteriafor fit indexes in covariance structure analysis: Conventional
criteria versus new alternatives. Structural Equation Modeling, 6, 1-55.

Joreskog, K. G., & Soérbom, D. (2004). LISREL 8.71 for Windows [Computer Software]. Lincolnwood. IL:
Scientific Software International, Inc.

Kalayc, S. (2006). SPSS uygulamalr ¢ok degiskenli istatistiksel teknikleri. Ankara: Asil Publication Distribution.

Kalemkus, J. (2021). Bilmeyi bilme: Ustbilis. Atatiirk Universitesi Kazim Karabekir Egitim Fakiiltesi Dergisi,
42, 471-495.

Kaplan, A., ve Duran, M. (2016). Ortaokul &grencilerine yonelik matematiksel iistbilis farkindalik 6lgegi:

Gegerlik ve giivenirlik galismasi. Atatiirk Universitesi Kazim Karabekir Egitim Fakiiltesi Dergisi, (32), 1-
17.

Kurt, A. (2014). Tutum olgeklerinde yapi gegerliliginin fakior analizi ile incelenmesi (Yaymlanmamis Doktora
Tezi), Anadolu Universitesi Egitim Bilimleri Enstitiisii, Eskigehir.

Kiigiik, A., ve Demir, B. (2009). ilkégretjm 6-8. smiflarda matematik 6gretiminde karsilagilan bazi kavram
yanilgilari {izerine bir ¢alisma. Dicle Universitesi Ziya Gokalp Egitim Fakiiltesi Dergisi, (13), 97-112.

Lawshe CH. (1975). A quantitative approach to content validity. Personnel Psychology (28), 563-575.
Maury, L. (2008). Piaget ve ¢ocuk. (N. Sarica, Cev.). Ankara: De Ki Basim Yayim.

Mohyuddin, R. G., & Khalil, U. (2016). Misconceptions of students in learning mathematics at primary
level. Bulletin of Education and Research, 38(1), 133-162.

Mutlu, Y. ve Séylemez, 1. (2018). Matematiksel kavram yanilgilart konusunda yapilmus yiiksek lisans ve doktora
tezlerinin incelenmesi. Bagskent University Journal of Education, 5(2), 187-197.

Neidorf, T., Arora, A., Erberber, E., Tsokodayi, Y., & Mai, T. (2020). Student misconceptions and errors in
physics and mathematics: Exploring data from TIMSS and TIMSS Advanced (p. 165). Springer Nature.

Neutzling, M., Pratt, E., & Parker, M. (2019). Perceptions of learning to teach in a constructivist
environment. Physical Educator, 76(3), 756-776.

Onen, C. 1. (2021). Yaygin anksiyete semptomlarinin yordanmasinda iistbilis, bilin¢li farkindalik ve psikolojik
esnekligin rolii (Yayinlanmamis Doktora Tezi), Istanbul Kent Universitesi Lisansiistii Egitim Enstitiisii,
Istanbul.

Ozdemir, B. G., Bayraktar, R., ve Yilmaz, M. (2017). Sinif ve matematik 6gretmenlerinin kavram yanilgilarina
iliskin agiklamalar1. Trakya Universitesi Egitim Fakiiltesi Dergisi, 7(2), 284-305.

Ozmantar, M.F., Bingoélbali, E. ve Akkog, H. (2008). Matematiksel kavram yanilgilari ve ¢oziim onerileri.
Ankara: Pegem Akademi.

Ozsoy, G. (2008). Ustbilis. Tiirk Egitim Bilimleri Dergisi, 6(4), 713-740.
Polya, G. (1957). How to solve it: A new aspect of mathematical method. Princeton University Press.
Sadi, A. (2007), Minconceptions in numbers, UGRU Journal, 5, 1-7.

Sevgi, S., ve Caglikdse, M. (2020). Altinct sinif dgrencilerinin kesir problemleri ¢ézme siirecinde kullandiklari
iistbilis becerilerinin incelenmesi. Hacettepe Universitesi Egitim Fakiiltesi Dergisi, 35(3), 662-687.

Schumacker, R. E., & Lomax, R. G. (2010). A beginners guide to structural equation modeling. New York:
Routledge

Schneider, W., & Lockl K. (2002). Thedevelopment of metacognitiveknowledge in childrenandadolescents. In T.
Perfect and B. Schwartz (Eds.). Applied Metacognition. USA: Cambridge University Press.

Shrestha, N. (2021). Factor analysis as a tool for survey analysis. American Journal of Applied Mathematics and
Statistics, 9(1), 4-11.

Smith, J., Disessa, A., & Roschelle, J. (1993). Misconceptions reconceived: A constructivist analysis of
knowledge in transition. TheJournal of the Learning Sciences, 3, 115- 163.

131



Egitim Kuram ve Uygulama Arastirmalar: Dergisi 2023, Cilt 9, Say1 2, 122-134 Veli TOPTAS, Biisra USLUOGLU

Sowden, J. F., Schonfeld, I. S., & Bianchi, R. (2022). Are Australian teachers burned-out or depressed? A
confirmatory factor analytic study involving the Occupational Depression Inventory. Journal of
Psychosomatic Research, 157, 110783.

Tavakol, M., & Dennick, R. (2011). Making sense of Cronbach's alpha. International Journal of Medical
Education, 2, 53.

Tavsancil, E. (2006). Tutumlarin éigiilmesi ve SPSS ile veri analizi. Ankara: Nobel.
Tavsancil, E. (2018). Tutumlarin olgiilmesi ve SPSS ile veri analizi (6. Baski). Ankara: Nobel.
Tekindal, S. (2009). Duyussal ozelliklerin dl¢iilmesi i¢in ara¢ olugturma. Ankara: Pegem Akademi.

Tiirkdogan, A., Giiler, M., Biilbiil, B., ve Damigman, S. (2015). Tiirkiye’de matematik egitiminde kavram
yanilgilartyla ilgili calismalar: Tematik bir inceleme. Mersin Universitesi Egitim Fakiiltesi Dergisi, 11(2),
215-236.

Williams, B., & Brown, T. (2010). Exploratory factor analysis: A five-step guide for novices, Australasian
Journal of Paramedicine, 8(3).

Yildizlar, M. (2001). Iikégretim okulu 6grencileri icin matematik problemlerini ¢ozebilme yontemleri. Ankara:
Eyliil Kitap ve Yayinevi.

Zembat, I, O. (2010). Kavram yanilgist nedir?. M.F. Ozmantar, E. Bingdlbali ve H. Akkog (Ed.), Matematiksel
kavram yanilgilart ve ¢oziim onerileri. Ankara; Pegem Yayincilik.

132



Egitim Kuram ve Uygulama Arastirmalar: Dergisi 2023, Cilt 9, Say1 2, 122-134

Veli TOPTAS, Biisra USLUOGLU

EK-1 Matematiksel Kavram Yamlgis1 Farkindahk Ol¢egi

Madde

Hicbir

Zaman

Nadiren

Bazen

Sik Si1k

Her

Zaman

1. Matematiksel kavram yanilgisinin ne oldugunu agiklayabilirim.

2. Matematiksel hata ile matematiksel kavram yanilgisini ayirt edebilirim.

3. Matematik dersinde olusabilecek kavram yanilgilarina rnek
verebilirim.

4. Matematikteki herhangi bir 6grenme alaninda kavram yanilgim varsa
fark edebilirim.

5. Matematik dersi 6gretim programi ve ders kitaplarinda kavram
yanilgisina sebep verebilecek 6rnekler gosterebilirim.

6.Matematik 6gretiminde olusabilecek kavram yanilgilariin nasil
giderilecegini bilirim.

7. Matematiksel kavram yanilgilarinin olugsmamasi i¢in matematik dersi
oncesinde hazirliklar yapabilirim.

8. Matematik 6gretiminde dgrencilerde kavram yanilgisi olusmadigindan
emin olurum.

9. Matematiksel kavram yanilgilari ile ilgili yapilan ¢aligmalar takip eder
ve incelerim.

10. Matematiksel kavram yanilgilarinin ¢esitlerini sayabilirim.

11. Matematiksel kavram yanilgilarinin nasil fark edilecegini bilirim.

12. Matematikteki belirli bir kuralin veya kavramin diger 6grenme
alanlari ile genellenmemesi i¢in hangi tiir caligmalar yapacagimi bilirim.

13. Ogrencilerin matematiksel kavram yanilgilari varsa hangi
calismalarin etkili olacagini bilirim.

14. Matematiksel kavram yanilgilarinin nedenlerini aciklayabilirim.

15. Matematikte en ¢ok rastlanilan kavram yanilgilaria 6rnek
verebilirim.

16. Matematik dersi 6ncesinde 6grencilerimde ne tiir bir kavram yanilgist
olabilecegini kestirebilirim.

17. Matematiksel kavram yanilgisinin oldugu 6grencilerle ilgili veliler ile
isbirlikli ¢alisarak kavram yanilgisini ortadan kaldirabilirim.

18. Matematiksel kavram yanilgisi olan 6grenciler icin 6zel plan ve
program yapabilirim.

19. Ogrencilerin okul dncesinde almis olduklari egitim dgretim
kapsamindaki matematiksel kavram yanilgilarini tespit edebilirim.

20. Ogrencilerin okul dncesinde dénemlerinde olusabilecek matematiksel
kavram yanilgilarina iligkin 6zel ¢aligmalar yapabilirim.

21. Matematiksel kavram yanilgilariin olusmasini 6nlemek amaciyla
matematik 6grenme alanlarina iliskin materyal hazirlayabilirim.

22. Ogrencilerin matematiksel kavram yamlgilarinin iistesinden
gelmeleri i¢in motive edebilirim.

23. Ogrencilerin saymaya iliskin kavram yamilgilarini (varsa)
kesfedebilirim.

24. Ogrencilerin rasyonel ve ondalik sayilara iliskin kavram yanilgilarini
(varsa) kesfedebilirim.

25. Ogrencilerin islem yapmaya iliskin kavram yanilgilarmi (varsa)
kesfedebilirim.

26. Ogrencilerin matematiksel sembollere (+,-,X, +) iliskin kavram
yanilgilarini (varsa) kesfedebilirim.

27. Ogrencilerin kesirlere iliskin kavram yanilgilarini (varsa)
kesfedebilirim.

28. Ogrencilerin geometrik sekillere iliskin kavram yanilgilarin (varsa)
kesfedebilirim.

29. Ogrencilerin say1/basamak degerine iliskin kavram yanilgilarim
(varsa) kesfedebilirim.
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30. Ogrencilerin 6lgme dgrenme alanma iliskin kavram yamlgilarini
(varsa) kesfedebilirim.

31. Ogrencilerin veri isleme dgrenme alanina iligkin kavram yanilgilarini
(varsa) kesfedebilirim.

32. Matematiksel kavramlara iligkin 6rnek olan ve olmayan durumlari
aciklayabilirim.

33. Matematiksel kavramlarda belirleyici olan ve olmayan 6zellikleri
ayirt edebilirim.

34. Matematiksel kavram yanilgilarin1 6nlemek amaciyla kavram
karikatiirii, kavram haritasi ve kavram ag etkinlikleri olugturabilirim.

This work is licensed under a Creative Commons Attribution 4.0 International License.
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Digital formative assessment can be understood as the integration of formative
assessment into lessons by using different digital tools or learning environments
and aims to support the progression of students. Although a number of studies
have addressed formative assessment and the effectiveness of digital tools, there
are very few studies in the literature on how educators should plan to effectively
integrate digital formative assessment into the classroom, or how it can be
integrated into, the recent trending topic, entrepreneurial STEM education. This
paper thus aims to provide educators with information about how to facilitate
digital formative assessment in the classroom and support them in planning why
and how such assessment can be applied to entrepreneurial STEM issues as an
integral part of the teaching and learning process. To do so, first, what
entrepreneurial STEM education and digital formative assessment are, and their
importance is conceptually discussed. Then, a sample lesson plan was developed
and presented on how this integration can be developed within the scope of
Assessment of Transversal Skills in STEM (ATS-STEM) and Digital Formative
Assessment Frameworks. The paper is finalised with proposing various
suggestions to help plan an effective digital formative assessment for
entrepreneurship STEM education and eliminate the problems related to the
topic. Therefore, the paper concludes by suggesting that pre-service teachers and
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about STEM education and digital formative assessment, and that they should
be adequately equipped to conceptualize, plan, integrate, and implement these
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Introduction

An important means of ensuring social development can be considered as supporting personal
development. Personal development can be supported by the family and school in the most effective and
long-lasting way. As important as the development itself is, how this development is achieved is equally
important. Over the past few years, entrepreneurship and STEM education have gained traction as means
to support individual and social development. In spite of the differing definitions of entrepreneurship
and STEM education in different fields, there are some common benefits that can be derived from them.

STEM education, which receives increasing attention and publications, has positive effects on
the individual, the community, and the global level. Among these benefits are contributing to the social,
economic and environmental development of a country (Kelley & Knowles, 2016), maintaining a
country’s economic competitiveness at global level (Corlu, Capraro & Capraro, 2014), ensuring the
renewal and development of technologies (Sanders, 2007) and bringing up the required qualified STEM
workforce (Nistor, Gras-Velazquez, Billon & Mihai, 2018).

Enterprise education, whose place in the curriculum has been debated and the publication rate
has increased since 2004 (Deveci, 2022), also has benefits individually, socially, and globally. Enterprise
education can help create students equipped with 21st century skills such as innovation, problem solving,
risk taking and adapting to new situations (Adatepe, Kul & Adatepe, 2021; European Commission,
2014; Rindova, Barry & Ketchen, 2009), support individuals’ career development (Alvarez & Barney,
2007; Birdthistle, Hynes & Fleming, 2007; Bruyat & Julien, 2001) and increasing awareness on socio-
economic issues (Irzik, 2013).

A growing number of disciplines are taking an interest across the world in the integration of
entrepreneurship and STEM education, also known as entrepreneurial STEM education (Bosman &
Fernhaber, 2019; Elliot, Mavriplis, & Anis, 2020; Ucar, 2019). This may be because it is believed that
the development and implementation of STEM practices from an entrepreneurial perspective will yield
more effective results than the segregated applications of STEM and entrepreneurship (Kaya-Capocci
& Peters-Burton, 2023). The integration, however, has yet to be effectively implemented since it is a
new concept. Although entrepreneurship and STEM are reflected as discrete topics, these topics have
taken place in the curriculum of different countries (e.g., Department of Education and Skills, 2016;
Finnish National Board of Education, 2014; Turkish Board of Education and Discipline, 2013). Since
educators are the first implementers of the subjects in the curriculum, their incorporation of these topics
into the teaching and learning process in an effective and efficient way is crucial. In order to achieve
this, educators need pedagogical competencies and content knowledge on the topic.

Assessments can provide insight into the effectiveness and efficiency of the teaching and
learning process as well as the extent of the learning occurance. From this point of view, assessment has
a great role in determining the success of a teaching and learning process. Even though assessment is an
integral part of the teaching and learning process (Basol et al., 2013), the assessment is sometimes fully
neglected, and sometimes only summative assessment is focused on while neglecting formative
assessment (Medland, 2016; Struyven, Dochy & Jansens, 2005). Apart from this, with the development
of technology and globalization, the use of digital media and technological devices in education has
become widespread. With the emergence of studies showing the effectiveness of these devices in
education and the importance of giving feedback to students, digital formative assessment has also
started to take its place among research (e.g., Celik, 2021). In addition to increasing student motivation,
helping students become responsible and autonomous learners, and developing lifelong learning
strategies, digital formative assessment has a significance in increasing student achievement, helping
low-achieving students, including individuals with learning disabilities, and supporting high-level
learning (Hotaman, 2020; Kaya-Capocci, O’Leary, & Costello, 2022; Lopez-Pastor & Sicilia-Camacho,
2017).

Consequently, entrepreneurial STEM education and digital formative assessment are essential
for the advancement of a country's education, society, science, and economy. However, the non-
systematic literature review revealed little or no work on how digital formative assessment should be
integrated in an interdisciplinary context, particularly into entrepreneurial STEM education. Therefore,
this theoretical study aims to inform educators about how digital formative assessment can be
implemented in entrepreneurial STEM education in a timely and effective manner as an integral part of
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the teaching and learning process, and to support educators in during the planning of the implementation.
This study, thus, first introduces entrepreneurship and STEM education and formative assessment and
then, explains how digital environments and technological devices can be used as a part of formative
assessment in the education-teaching process, and discusses the necessity of this. After discussing the
necessity of educators' self-development on these issues, it is explained how formative assessment can
be applied in entrepreneurial STEM education through digital environments during the teaching and
learning process, and a lesson plan is presented exemplifying how these practices can be developed. The
lesson plan was developed based on the ATS-STEM Scientific Framework (McLoughlin, Butler, Kaya,
& Costello, 2020) and the Digital Formative Assessment Framework (Kaya-Capocci, O’Leary, &
Costello, 2022). This study was completed by providing recommendations for an effective digital
formative assessment.

Entrepreneurship and STEM Education

In recent years, the implementation of STEM education has become increasingly prevaltent as
a formal interdiscilipnary education goal for individuals of all ages. This approach rejects the discrete
nature of the sciences and supports a paradigm shift towards integration based on similarities between
disciplines by embracing a holistic view. STEM education centers, STEM laboratories, STEM schools,
STEM programs, and many more STEM-related centers and applications are operationalised worldwide
using resources. Although the disciplines and subject areas in STEM education are clearly defined and
the term has been used in education programs for over two decades, debates about how these disciplines
are brought together still continue (McLoughlin et al., 2020). Researchers use STEM education in
different ways, from teaching two or more disciplines together being one discipline a focal point, to
teaching four disciplines in an integrated manner by distributing the focus to all four disciplines equally
(Bybee, 2013). Although there is still no clear definition of what integrated STEM education is, the
definitions are becoming more similar by time (Johnson, 2013). This interdisciplinary approach does
more than demonstrating how the content of STEM disciplines can inform each other by showing how
STEM design, inquiry, analysis, and 21st century skills can be integrated (Kaya-Capocci & Peters-
Burton, 2023).

The integration of STEM education into curricula gained momentum by the end of the 20th
century. This integration has been supported in different countries for different reasons. One of the
potential reasons for this support would be that the countries with strong and stable economies generally
have an effective and successful STEM education (Marginson, Tytler, Freeman, & Roberts, 2013). This
may be because STEM education helps people better understand the world and improve a country's
economy, scientific knowledge, and technology as the main purpose of STEM education can be viewed
as supporting students to deal with the problems they encounter in daily life and find solutions to
overcome these problems (Johnson, Peters-Burton, & Moore, 2015; Li, Wang, Xiao, Froyd, & Nite,
2020; McLoughlin, Butler, Kaya, & Costello, 2020). Additionally, integrated STEM education can
contribute students develop an integrated perception of the natural and designed world as well as
relational connections between concepts by analysing and synthesising the relationships between
different concepts (Fortus & Krajcik, 2020). Other reasons for supporting STEM education may include
its contribution to the countries' social, economic and environmental development (Kelley & Knowles,
2016) and creating a qualified workforce in STEM fields (Nistor, Gras-Velazquez, Billon & Mihai,
2018).

With the increasing role and importance of innovation in our everyday lives, enterprise
education began to gain prominence. However, before discussing enterprise education, it is essential to
comrehend what entrepreneurship is, its types, and its use in education. Entrepreneurship is defined from
specific and broader perspectives according to the field in which it is studied. Specific definitions of
entrepreneurship focus more on starting a business and making a profit, while broader definitions focus
on features such as producing something new, an effort to innovate, and entrepreneurial skills. In the
education context, Kaya, Erduran, Birdthistle, and McCormack (2018) analysed broader
entrepreneurship definitions and defined entrepreneurship as follows:
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The process of establishing new economic, social, institutional, cultural and scientific
environments or organisations to create future products and services by realising the
opportunities and their possible failures and using required resources.

Kaya et al. (2018)

Despite its use in education, the literature shows that most educational studies focus on financial
entrepreneurship (e.g., Deveci & Cepni, 2014). This may not be surprising considering that
entrepreneurship has been related to economic and administrative sciences for many decades. However,
since education faculties are not places where the main aim is to conduct businesses, it is not acceptable
to integrate the entrepreneurship without its conceptual adaptation from economics and administrative
sciences where entrepreneurship is first viewed from a financial perspective to education. Considering
its contribution to countries and the goals of education, giving the focus to social and innovative
entrepreneurship in the field of education should be prioritised. The reason for this prioritisation may be
better understood looking at the features of social and innovative entrepreneurship. Social
entrepreneurship focuses on features such as being equipped with a social mission and vision, creating
social values, realising social entrepreneurship opportunities, being innovative, providing resource
creation and sustainability, and utilising social networks (Kirilmaz, 2014). Innovative entrepreneurship
aims to reach effective and productive results in different areas in order to contribute to social progress
as well as individual and regional wealth (Block, Fisch, & Van Praag, 2017). Integrating these
entrepreneurship types into education effectively will naturally facilitate the emergence of financial
entrepreneurship while contributing the social, scientific and technological development as well as
economic development of countries.

In addition to the benefits of utilizing social and innovative entrepreneurship in enterprise
education, the integration of entrepreneurship, with different types of entrepreneurship, into education
has different advantages. For example, entrepreneurship contributes to raising students who are
innovative and problem solver, who can take appropriate risks and adapt to new situations (Adatepe,
Kul, & Adatepe, 2021; European Commission, 2014; Hisrich & Peters, 2002; Rindova, Barry &
Ketchen, 2009). Integration of entrepreneurship into other disciplines would also support students’
career development (Alvarez & Barney, 2007; Bruyat & Julien, 2001; Birdthistle, Hynes & Fleming,
2007), increased awareness of socio-economic issues (Irzik, 2013), development of 21st century skills
(Hisrich & Peters, 2002; Volkmann, Wilson, Mariotti, Rabuzzi, Vyakarnam, & Sepulveda, 2009) as
well as the social and economic progression of countries (Amos & Onifade, 2013).

Innovation becoming more and more important in our daily lives has prompted entrepreneurship
and STEM education to become more intertwined. In education, this connection appears in many
different forms, such as the idea of identifying the required skills for STEM education through enterprise
education. In order to benefit from STEM education more efficiently and effectively, STEM skills need
to be brought to the fore and developed further. In a number of studies, these STEM skills are also
referred as 21st century skills. One way to reveal STEM skills can be through enterprise education as it
prioritises the development of skills (Leffler, 2014) which are similar to the targeted STEM skills.

In recent years, entrepreneurial STEM education has begun to be studied in different disciplines
around the world (e.g., Bosman & Fernhaber, 2019; Elliott, Mavriplis, & Anis, 2020; Jackson et al.,
2023; Kaya-Capocci & Peters-Burton, 2023). In entrepreneurial STEM education, STEM content is
taught through an entrepreneurial lens that promotes the development of an entrepreneurial mindset and
intention in STEM. In other words, in entrepreneurial STEM, through an entrepreneurial perspective,
STEM knowledge and resources are transformed into digital technologies, scientific inventions and
STEM products or services and transferred from the academy to the public (Kaya, 2019; Sarasvathy,
2001). Entrepreneurial STEM education can help students realise where and how STEM is used in daily
life (Pabuccu Akis & Demirer, 2023), which can increase interest and motivation in STEM disciplines
(Ucar, 2020). Additionally, students improve their 21st century skills and competencies by being
exposed to entrepreneurial STEM education and, they better learn to produce innovative solutions to
daily problems by applying these skills in different contexts (Deveci & Cepni, 2014; Jang, 2016; Kaya-
Capocci & Ucar, 2023). With the development of an entrepreneurial STEM perspective, students realise
new opportunities easier, which can help them to find new job opportunities in the future and advance
in their careers (Alvarez & Barney, 2007; Kaya et al., 2018). All these can help students to reveal their
full potential (Volkman et al., 2009). Raising citizens with an entrepreneurial STEM perspective can
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also contribute to the social, scientific, economic and environmental development of countries. This can
help prevent or overcome many problems in the future, such as global epidemics or global warming.
STEM outputs that are not used for scientific, economic and technological development and do not
benefit the public lose their importance and become forgotten.

Although the entrepreneurial STEM education takes its place in the curriculum, albeit as
separate disciplines in undergraduate courses such as "Interdisciplinary Science Teaching"”, assessment
has a key role in determining the effectiveness of this integration. Assessment, particularly formative
assessment, is sometimes neglected, yet it maintains its place in education as an integral part of the
teaching and learning process (Basol et al., 2013). With the use of digital environments and
technological devices in education due to the development of technology and globalisation, digital
formative assessment became more significant.

Formative Assessment: Advantages, Disadvantages and Recommendations

The need to increase diversity in assessment practices has been highlighted in various studies.
Yet, assessment in higher education is still dominated by summative assessment strategies (Medland,
2016). In Turkey, there is a lack of literature on how formative assessment should be applied to teaching
and learning processes, not only in higher education but also at all levels of education. Therefore, in this
section, the advantages and disadvantages of formative assessment will be discussed first, and then,
suggestions will be provided on how this application can be integrated into classrooms.

Formative assessment commonly refers to in-class processes that aim to collect and use
information about students' learning to determine what is needed to support their learning progress
(ARG, 2002). Formative assessment can be applied for each learning outcome throughout the learning
process. In this type of assessment, factors such as feedback, correction and student participation, which
are included in the process and used to determine the quality of education, contribute to the success of
teaching (Atilgan, 2017). Formative assessment provides many benefits to the teaching and learning
process. Performing such an assessment acts as a stimulant in the education process by providing short
and guiding feedback on whether the goals tried to be achieved through educational activities during the
learning process have been successfully achieved (Hotaman, 2020). Additionally, formative assessment
can increase student motivation, help students become responsible and autonomous learners, and
develop lifelong learning strategies as well as enhance student achievement, assist low-achieving
students, including individuals with learning disabilities, and support high-level learning (Lopez-Pastor
& Sicilia-Camacho, 2017). The benefits of formative assessment may vary depending on how it is
applied and the size of the student sample (Bennett, 2011).

As with anything, formative assessment also comes with disadvantages. In a study conducted
after six years, Lopez-Pastor and Sicilia-Camacho (2017) found similar results to Bennett (2011). The
results referred to the problems such as lack of student and educator experience in formative assessment,
lack of educator knowledge about how formative assessment should be applied in schools, and the
perception of students and educators about the excessive workload due to the use of digital formative
assessment. In order to overcome such problems, studies should be conducted to increase the knowledge,
skills and attitudes of educators and students about formative assessment and to use practices utilising
this type of assessment. In this sense, as a first step, students and educators should be informed about
formative assessment strategies and encouraged to employ these strategies in classroom for the
integration of assessment and learning.

Wiliam and Thompson (2008) suggested five formative assessment strategies that are widely
used in the literature. These strategies are summarised as follows:

Clarifying and sharing learning outcomes and success criteria,

Designing effective classroom discussions, question-answer activities and learning tasks,
Providing feedback that helps progress students' learning,

Engaging students as teaching resources for each other (peer assessment), and
Activating students as owners of their own learning (self-assessment).

While many international studies have been conducted on formative assessment in STEM-
related disciplines, very few studies have been conducted in Turkey. Inaltun and Ates (2018) reviewed
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the literature on formative assessment in science education in the Web of Science (WoS) database
between 2001 and 2017 and identified 31 studies, only one in the context of Turkey. The authors also
listed seven other Turkish studies on the same topic not included in WoS. Aydeniz and Dogan (2016),
the only study listed in the WoS database, conducted a study with 53 pre-service science teachers in
Turkey examining their pedagogical capacities in formative assessment. The results indicated that the
participants failed to successfully identify the false beliefs, limitations and strengths of the students in
their justifications. This result may also be an indicatior of how limited formative assessment studies
are in Turkey. Furthermore, the recent epidemics, natural disasters, and pandemics such as COVID-19
brought up consideration of the more widespread use of digital media and technological tools in
education, and therefore in assessment. The next section, thus, introduces digital formative assessment
and discusses the means of its implementation.

Digital Formative Assessment: Integration of Technology into Formative Assessment

A number of researchers suggest that online formative assessment should be used to create a
learning environment that is student-focused and assessment-centered (Gikandi, Morrow, & Davis,
2011). Digital formative assessment is described as a formative assessment approach that uses all the
features of digital learning to support assessment of student progress (Kaya-Capocci, O’Leary, &
Costello, 2022; Looney, 2019). To apply digital formative assessment effectively, technology has an
important place. Different advantages of using digital formative assessment in the classroom have been
identified in the literature. For example, there are benefits associated with complex cognitive processes,
including enhanced self-regulation capacity as well as the ones associated with knowledge and
achievement including the ability to provide more immediate and purposeful feedback (McLaughlin &
Yan, 2017). Furthermore, digital formative assessment enables students to increase their motivation to
learn (Bhagat & Spector, 2017) and to support learning without any time and place limitations as it can
be used anytime, anywhere (Barana & Marchisio, 2016).

When facilitates effective and immediate feedback and provides participation in critical learning
processes and equitable education, online formative assessment serves as an innovative and learner-
centered pedagogical approach (Gikandi, Morrow & Davis, 2011). McLaughlin and Yan (2017)
reviewed the online formative assessment literature and identified 55 relevant studies published between
2006 and 2016. Excluding the studies identified by Gikandi, Morrow, and Davis (2011), 32 additional
studies published from 2010 to 2016 were found. Considering that these 32 studies target primary,
secondary, high school and university levels, it can be said that the number of studies on the subject in
seven years is very limited. Different studies have been conducted on the use of digital tools for
formative assessment. For example, McLaughlin and Yan (2017) provided a list of digital tools that can
be used for digital formative assessment. A more extended version of this list with potential uses of the
tools is presented by Reynolds, O'Leary, Brown, and Costello (2020). Different studies have also been
conducted on the use and effectiveness of the digital tools in the list. For instance, Ismail, Ahmad,
Mohammad, Fakri, Nor, and Pa (2019) conducted research comparing Kahoot! and e-Quiz which were
included the formerly mentioned list and found Kahoot! more effective formative assessment tool.
Similarly, Zhan, Sun, Chan, Chan, Lam, and Lee (2021) compared Kahoot!, Mentimeter, and Google+.
The results of the study showed that whilst the majority of respondents doubted the effectiveness of
Google+, they showed a positive attitude towards Kahoot! or Mentimeter. Although there are studies
showing the effectiveness of using digital tools in formative assessment, these studies also show that
educators lack knowledge about how such tools can be integrated into the teaching and learning process.

Few studies in different education fields are also found in Turkish literature. Hotaman (2020)
conducted a literature review to evaluate the benefits that can be obtained by applying formative
assessment in distance education and bring it to the attention of educators. The review showed that
placing formative assessment at the center of online education would make an important contribution to
identifying and eliminating learning deficiencies that may arise. Celik and Tepe (2022) investigated the
experiences of pre-service teachers in the field of social studies regarding the process of planning lessons
using digital assessment tools and implementing these plans in digital environments. The authors found
that most content was created at the 7th grade level and the "Quiziz" application was mostly preferred
for content creation. In addition to emphasizing the necessity of digitalization in educational practices,
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the pre-service teachers stated that educators and pre-service teachers should be more knowledgable on
how to use digital assessment tools and be aware of the importance of using the active learning during
formative assessment. Another study conducted by Celik (2021) in the field of social studies researched
the experiences of pre-service social studies teachers who use Web 2.0 technologies for assessment.
Ozcan (2022) investigated the effect of in-class technology-supported formative assessment competence
on educators' classroom management skills. Yilmaz (2017) conducted research on whether mobile
technologies can be used to create an in-class formative feedback and assessment system. As seen so
far, no study has been found in Turkey directly on how digital formative assessment can be integrated
into lesson planning in interdisciplinary fields, particularly entrepreneurial STEM education, and how
it can be implemented in the classroom. Within this context, Butler, McLoughlin, O’Leary, Kaya, Brown
and Costello (2020) developed the ATS-STEM Framework through their research in nine European
countries for the application of digital formative assessment in STEM education. This framework is
presented in Figure 1.
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Figure 1. Expanded ATS STEM Conceptual Framework for Integrated STEM Education
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Formative Assessment in Science and Mathematics Education (FaSMEQA) initiative recommends
considering three functions of technological tools to effectively integrate digital tools into teaching and
learning processes (European Commission, 2016). These three functions include sending/displaying,
processing/analyzing and providing an interactive environment which are briefly introduced below.

1. Sending and Displaying: Sharing can be done with students using this function.
Content can be displayed to students or sent digitally. By doing so, students'
background knowledge can be determined, communication can be established
between different actors of the formative assessment process (e.g., student, peer,
educator), and students’ memorization and student response process can be
facilitated.

2. Processing and Analysis: Using this function, students can be aware of their mental
processes. The content provided by the students is processed and analyzed. This
function can be helpful to selectively extract or summarize relevant data and
interpret formative assessment by processing or analyzing learner performance
based on the success criteria.

3. Interactive Environment: This function can provide interaction between different
actors in a digital environment. Students can be included in this environment
individually, with their peers, or with their educators to explore the content. Digital
tools can be used in this process to provide students with an interactive environment
and enable them to explore content interactively.

Based on digital formative assessment strategies and the functions of technology, Kaya-
Capocci, O’Leary, and Costello (2022) developed and presented the Digital Formative Assessment
Framework. This framework is presented in Figure 2.

Digital Technology Funetionalities
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Figure 2. A framework for conceptualising, planning, and implementing digital formative assessment in
higher education

As presented in Figure 2, three functions of technology can be used in conjunction with
formative assessment strategies in the context of entrepreneurial STEM education to support student
progress. However, educators may need support to plan and implement such strategies and approaches.
Therefore, in the next section, a sample lesson plan is developed and presented within the scope of ATS-
STEM and Digital Formative Assessment Frameworks to contribute to educators' planning and
implementation of digital formative assessment in a timely and effective manner in entrepreneurial
STEM education as an integral part of the teaching and learning process.
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Step-by-Step Integration: Digital Formative Assessment in Entrepreneurial STEM Education
Lesson Plan

Despite being integrated as separate disciplines, entrepreneurship and STEM have been
incorporated into the curricula of different countries (e.g., Department of Education and Skills, 2016;
Finnish National Board of Education, 2014; Turkish Board of Education and Discipline, 2013). When a
subject is included in the curriculum, educators should have the competence to integrate it into their
teaching. For example, the recent addition of a compulsory course - Interdisciplinary Science Teaching
- to teacher training programs in Turkey in the 2021-2022 academic year aims to bring up well-equipped
educators on interdisciplinary approaches that have become widespread worldwide. Entrepreneurship
and STEM education can be implemented as part of this course. However, as seen in the literature,
educators and pre-service teachers are still not familiar with the concepts of entrepreneurial STEM
education, formative assessment, and digital education. Thus, it may not be surprising that difficulties
may occur during the planning and implementation of the lessons. The literature presented in the
previous sections also supports this inference. To integrate these concepts into lessons, educators must
become more familiar with the content and the ways of incorporating that content into lesson plans. A
sample lesson plan has been developed in this section to provide educators with explanatory, practical
and innovative teaching practices.

General details of lesson plans such as date, name-surname, unit name, are skipped in the lesson
plan presented in this section. All the steps of the lesson plan development process were determined
based on the themes of the ATS-STEM Framework (Butler, McLoughlin, O’Leary, Kaya, Brown &
Costello, 2020) presented in Figure 1. The last step (Step 7) is detailed based on the Digital Formative
Assessment Framework (Kaya-Capocci, O’Leary, & Costello, 2022) presented in Figure 2.

Step 1 - Identifying the integrated STEM education topic

In this step, educators can choose which integrated STEM education topic they will focus on
based on the content of the following week. It is recommended to select the topics within the scope of
the sustainable development goals which has gained importance recently and is supported by the United
Nations (2015) to achieve by 2030. The current study is planned for students to select the topic according
to the problems they observe in their daily life. This is a more effective method than the educator's
deciding on the topic as it requires active participation of the students. In this context, first of all, the
following practices are carried out:

e In the previous week, before determining the topic, the educator informs the students about
social, innovative and financial entrepreneurship and gives relevant examples.

e The previous week, before determining the topic, the educator conducts a classsroom discussion
on the features of STEM education.

e The educator asks students to identify three main problems that local people are facing and to
bring them to the classroom.

e The educator assigns students a little research on how entrepreneurship and STEM applications
can be used to solve these problems.

e The following week, students come to class with a list of problems and solutions to these
problems with entrepreneurial STEM.

While clarifying the subject, the educator asks questions about how sustainable development
goals are included in the problems identified by the students.

Step 2 — Identifying STEM competencies

STEM competencies are identified after deciding on the topic or its content. In the current
activity, one of the eight competencies included in the ATS-STEM Framework was determined as a
core competency and the other two as a side competency.

Core competency: Problem solving
Sub-competencies: Critical thinking; Creativity
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Step 3 — Determining the learning outcomes

The educator determines the learning outcomes after discussing the topic and selecting the
targeted STEM competencies. In the current activity, learning outcomes (LO) were determined as
follows:

LO1: Students will be able to notice the problems they encounter in their area (targeting
problem solving competence)

LO2: Students will be able to propose a STEM-based creative solution to the problem
they have selected using local resources (problem solving and creativity competencies)

LO3: Students will be able to critically evlauate how solving this local problem
contributes to the development of society (critical thinking competence)

LO4: Students will be able to analyze how entrepreneurship types contribute to the
solution of this local problem (problem solving and critical thinking)

LO5: Students will be able to analyze how STEM education contributes to the solution
of this local problem (problem solving and critical thinking)

Step 4 — Deciding on the learning design principles (methods and strategies) to use in STEM
education

There are different learning designs that can be used in STEM education (Butler, McLoughlin,
O’Leary, Kaya, Brown, & Costello, 2020). Learning designs with different teaching methods and
strategies can be adapted in this step, such as the use of appropriate technologies, the engineering design
process (EDP), design thinking, and project-based learning. The current study uses appropriate use and
application of technologies and EDP (Douglas, Moore, & Adams, 2016). The details of this use are
explained further in the sixth step.

Step 5 — Determining success criteria

To determine whether or not targeted learning outcomes have been achieved, success criteria
are determined. Learning outcomes and success criteria should be written in a simple, clear and
understandable language that the students can make sense of. The aim should be to make learning visible
for both students and educators. In the current study, aligned with the learning outcomes presented in
Step 3, five success criteria (SC) were determined as follows.

SC1: If the student can identify at least two problems s/he encounters in the local area
and explain the reasons for these problems,

SC2: If the student can propose a creative solution to the problem using local resources,

SC3: If the student can discuss the advantages and disadvantages of solving this
particular local problem for the society,

SC4: If the student can provide at least two justifications about how solving the local
problem contributes to the development of the community,

SC5: If the student can explain, using at least one type of entrepreneurship, how
entrepreneurship types contribute to the solution of the local problem,

SC6: If the student can explain, using at least two STEM disciplines, how STEM
education contributes to the solution of the local problem, the student will be accepted
successful.

It is important to set the success criteria first, as assessment is usually neglected in the teaching
and learning process. Here, while SC1 visualises the success of LO1, SC2 visualises the success of LO2,
SC3 and SC4 visualises LO3's success, SC5 visualises LO4's success, and SC6 visualises the success of
LO5.

Step 6 — Planning the entrepreneurial STEM practice

Since EDP is selected as the learning design in Step 4, the activity is designed according to the
phases of EDP. This study follows the phases adopted by Douglas, Moore, and Adams (2016) which is
widely used around the world. Identifying an existing problem or deficiency and bringing a creative
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solution to this situation is also placed within the scope of enterprise education. It is, however, necessary
to move beyond an intellectual design on a piece of paper in order for this process to be considered
entrepreneurship. What action is taken and what the content includes determine the type of
entrepreneurship adopted in the activity. For example, developing a prototype, that has not been seen
before, on a scientific basis indicates the use of innovative entrepreneurship. Sharing the knowledge and
findings with the target group benefiting from the solution through a social responsibility project
indicates the use of social entrepreneurship. Forming a profit-oriented organization based on the
knowledge and findings obtained shows the use of financial entrepreneurship.

Define: Students first define the problem they will target by conducting research in
different places such as libraries, digital environments, or by interviewing their
families, friends or individuals around them about what kind of daily problems they
encounter.

Learn: This stage is for students to learn about the problem. Students try to obtain
information about what causes the problem and how it can be solved by using
different sources. Here, it is investigated whether there is a solution for the problem
which is currently in use. If there is a solution in use, its effectiveness is
investigated. Depending on the findings, it is decided either to update and develop
the existing solution or to come up with a new solution. The role of STEM
disciplines in finding a solution and the required materials should also be researched
and discussed.

Plan: This stage is to plan a solution. At this stage, the criteria and constrains to
achieve success are reviewed, and different ideas are put forward to solve the
problem creatively. Among these ideas, the applicable ones are selected and the
preparations for implementation are started. Meanwhile, it is decided on how STEM
disciplines will be used at which stage. During the process, materials required,
blueprints, steps to be followed in the process, cost calculation (if necessary), and
further information that found necessary are planned.

Try: This stage is to try the solutions that are planned previously. The ways of
optimizing the work and the potential risks that may be encountered during the
application are considered here. The plan is implemented by using the materials laid
out in the planning, by following the blueprints and the steps, by keeping the income
and outcome under control if any, and by following the further information decided
on planning. If a prototype is decided to be developed, it is developed at this stage
and checked whether it works. It is aimed that the students internalize how STEM
disciplines are used in practice by discussing whether the targeted STEM disciplines
are used as envisaged; if not, the reasons for not being used; whether there are
STEM disciplines added or removed during the implementation; and if so, the
reasons for this change. Students are also asked during this process whether they
used any of entrepreneurial knowledge, skills or any of its types in practice. In this
way, it is aimed that students internalize how entrepreneurship is used in practice.

Test: This stage is to test the solutions that are tried. Testable questions or
hypotheses are considered. The effectiveness of the process is investigated by
conducting experiments or applying rubrics. Existing rubrics can be used, or new
rubrics can be developed to identify whether the solution met the criteria, constrains,
and needs. Apart from this, other suitable methods can also be applied. The data is
collected and analyzed in this stage. Also, what went well and what difficulties were
encountered about the best solution are identified here.

Decide: This stage is to decide whether a solution is good enough. By looking at
the criteria decided at the beginning of the study and considering the test results, the
adequacy of the solution is decided. It is checked whether the implemented solutions
contribute to the solution of the problem and whether there are difficulties with the
implementation of the solutions. Based on these, if the solution has been successful,
the solution can be shared with public. If it is not successful, the solution is planned,
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implemented, and tested again by discussing how the problems can be solved and
how the solution can be improved. This process is iterated until an effective solution
is found, and the problem is eliminated.

Providing students with information about entrepreneurship and all STEM disciplines here does
not mean that entrepreneurial STEM education is applied. What is important is whether students can
utilize entrepreneurial STEM competencies, embrace teaching principles and practice, analyze the
situation by taking responsibility for their own learning as well as realize and explain how
entrepreneurship and STEM are integrated into the practice. There is also a common misperception that
students must do marketing or advertising, start a business, or make profit through their actions in order
to integrate entrepreneurship into the teaching and learning process. As emphasized earlier, this is called
financial entrepreneurship, and other entrepreneurship types are available to use in the clasrooms.

Step 7 — Integrating digital formative assessment into entrepreneurial STEM activity

In this step, the activity suggested in Step 6 is detailed, based on the Digital Formative
Assessment Framework (see Figure 2). Formative assessment strategies and the ways in which digital
technologies can be applied to the content aligned with these strategies are explained. At this step, the
first five steps are taken as they are. Then, digital formative assessment is weaved into to Step 6 and
integrated into the lesson. To do so, five formative assessment strategies are implemented through the
three functions of technology in Step 6. An example lesson is presented under four main groups
(1A/1B/1C, 2A/2B/2C, 3A/3B/3C and 4A/4B/4C) based on the formative assessment strategies. All
formative assessment strategies and their integration into a lesson plan through technology are explained
and exemplified. EDP and the appropriate use and application of technology are adopted and presented
in the lesson plan.

1A/1B/1C: The first formative assessment strategy (clarifying/sharing learning outcomes and
success criteria) is used at the very beginning of the lesson through the functions of technology that are
processing/analysis and interactive environments. Within this context, at the beginning of the lesson,
relevant learning outcomes are shared with the students through Google documents. Projecting on the
board falls under the display function which is not used in this plan. This sharing aims to enable students
to achieve the learning outcomes whenever they want by increasing students” awareness of potential
outcomes. The educator then shares the learning outcomes in Poll Everywhere and asks the students to
review and score them in this application according to how much they think the learning outcomes will
be challenging for them. According to the results from Poll Everwhere, learning outcomes that are very
easy or very difficult, unclear, or have other problems are determined. The educator works with the
students on these learning outcomes through a shared Google document, makes the required changes
and creates at least one success criterion for each learning outcome. The first formative assessment
strategy is thus integrated into an interactive environment.

2A/2B/2C: The second formative assessment strategy (effective class discussions, question-
answer activities and learning tasks) are implemented in this part through the functions of
sending/displaying, processing/analyzing and interactive environments. This part is integrated into the
defining phase of EDP in this study. As part of the sending/display process, students are sent online
newspaper news about public issues the day before class to encourage them to think about such everyday
issues. Students are asked to analyze the news and then, come to the classroom by conducting their own
research and identifying a problem situation the local people are facing. When students come to the
lesson, they are divided into groups of 3 and 5 according to the class size. Each group comes together
and explains to each other the problem situation they have identified. Students, then, analyze their
findings in the group in a pre-arranged Padlet by writing down at least one advantage, one disadvantage
of solving this local problem and how each of them will contribute to the development of the community.
After completing the fields in the Padlet, the students decide as a group on a problem that they will
address by conducting discussion and analysis. If there is not enough time left, each group can start a
Whatsapp chat (the educator is also added to the chat) to complete their analysis and decide on the
problem using interactive environments.

As part of the learning phase of EDP, students conduct research on the history and current status
of the problem they have chosen to tackle. If there is a solution in use, its effectiveness is analyzed.
According to their findings, the students decide to update and develop the existing solution or to search
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for a new solution. Students create an e-portfolio and collect the data and the information in this
portfolio. Within the group, students analyze and discuss the data and propose different and creative
solutions accordingly. Students also explore, collect and discuss the role STEM disciplines and
entrepreneurship in reaching these solutions and the materials to use in the same e-portfolio. Then,
students move to the next phase of EDP, the planning phase. Students begin to plan different solutions
to overcome the identified local problem by finding a new, creative way or improving the existing option
with a creative approach. These plans are again saved in the e-portfolio. Students discuss possible
solutions to the problem in their WhatsApp groups used as an interactive environment. The students,
who move on to the trying phase of EDP, start to put their solution into practice and create and share a
video of their trials. This video includes a prototype they developed to solve the problem or an
environment that represents how they would solve the problem. The video also reflects the potential
risks that can be faced when coming up with a solution.

3A/3B/3C: Students who reach the testing phase of EDP investigate what methods they can use
to understand the effectiveness of the applied solutions and the existence of a rubric that focuses on the
topic. At this stage, educators also guide students on where to look and what to do. If a relevant rubric
is found, this rubric can be used, if not, a new rubric can be developed according to the purpose with the
support of the educator. Apart from this, it can be applied if there are other suitable methods. Students
share their results with educators and peers. Here, the third formative assessment strategy, providing
feedback that supports student progression, is integrated into the lesson using the sending/display and
interactive media functions of technology. As part of sending/displaying function, each group receives
a 3-minute MP3 recording with personalized feedback via email from the educator. As part of the
interactive environment function, the educator organizes a Zoom meeting for each group, answers
students' questions and discusses the advantages and disadvantages of the solutions with the students.
Amongst others, what went well and what difficulties were encountered during the implementation are
discussed at the Zoom meeting.

4A/4BJ/AC: The adequacy of the solution phase was implemented in this part. Peer and self-
assessment, which are the fourth and fifth formative assessment strategies, were integrated into this
phase by using technology's processing/analysis and interactive environment functions. It is aimed that
students become learning resources for each other and become active as owners of their own learning.
As part of the processing/analysis, students watch each other's videos and evaluate the quality of their
peers' videos according to the success criteria identified previously. As part of the interactive
environment function, students review the feedback provided and in their WhatsApp groups, discuss the
strengths and weaknesses of their solutions and how these solutions can be improved further. In this
way, the adequacy of the solutions is decided based on the criteria and the obtained test results, the
feedback of the educator, and peer and self-assessment results. If the solution has been successful, the
solution can be shared with public. If it is not successful, the solution is planned, implemented, and
tested again by discussing how the problems can be solved and how the solution can be improved. This
process is iterated until an effective solution is found, and the problem is eliminated.

Discussion, Conclusion and Suggestions

The study aimed to inform educators about digital formative assessment, entrepreneurial STEM
education and their integration into lesson plans. In the current study, a non-systematic literature review
was used. The future studies can invastigate the effectiveness of different variables through meta-
synthesis. The lesson plan developed in this study aimed to support the development of students in the
context of entrepreneurial STEM education by using formative assessment through different digital tools
and learning environments. While developing lesson plans, assessment was viewed as an integral part
of the teaching and learning process.

Several recommendations to assist the planning of an effective digital formative assessment for
interdisciplinary learning, particularly entrepreneurial STEM education, are summarized below:

e Formative assessment should aim to support student progress.
e Learning outcomes and success criteria should be written in a simple and clear language that
students can understand and should aim to make learning and success visible.
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e |f applied in the entrepreneurial STEM education context, the role of entrepreneurship and
STEM education should be included in the learning outcomes and success criteria.

e A clear learning outcome (intention) should help students focus on their own learning as well
as the content.

e Each learning outcome must have at least one success criterion.

o As well as supporting teamwork rather than individuality, formative assessment (with its five
strategies) should be used to help students build on existing STEM ideas and competences to
create new ones through entrepreneurship.

e The teaching and learning process must be adapted to meet immediate learning needs.

Through collaborative, interactive, and reflective activities, digital formative assessment can be
incorporated into interdisciplinary learning to increase learner engagement and success (Baleni, 2015;
Gikandi, Morrow, & Davis, 2011; McLaughlin & Yan, 2017; Petrovic, Pale & Jeren, 2017).
Additionally, such activities can help students learn from their mistakes thanks to feedback, which is
one of the formative assessment strategies (Barana & Marchisio, 2016) and contribute to improving
students' self-regulation (McLaughlin & Yan, 2017). Using digital formative assessment can provide
opportunities for self/peer assessment as well as formative and immediate feedback (Baleni, 2015;
Gikandi, Morrow, & Davis, 2011). Such assessment can also help develop and review innovative
teaching methods to support learning progression (Barana & Marchisio, 2016). Overall, egalitarian
education can be supported at a higher level with the effective use of digital formative assessment
(Gikandi, Morrow, & Davis, 2011; Reynolds, O'Leary, Brown & Costello, 2020).

Entrepreneurial STEM education, on the other hand, can help students realize where and how
STEM is used in everyday life (e.g., Pabuccu Akis & Demirer, 2023), which can increase interest and
motivation in STEM disciplines (Ucar, 2020). Furthermore, with this education, students can become
equipped with 21st century skills and competencies and by applying them in different contexts, they can
produce solutions to daily problems (Deveci & Cepni, 2014; Jang, 2016; Kaya-Capocci & Ucar, 2023).
With the development of an entrepreneurial STEM perspective, students can realise and pursue new
opportunities more, and this can help them to find new job opportunities in the future and advance in
their careers (Alvarez & Barney, 2007; Kaya et al., 2018). All these can help students to reveal their full
potential (Volkman et al., 2009). Eventually, raising citizens with an entrepreneurial STEM perspective
can contribute to the social, scientific, economic and environmental development of countries.

Overall, for pre-service teachers and educators to adapt to today's global, technological, and
innovative world, and to help students adapt to it, they need to be equipped with the necessary
knowledge, skills, and attitudes about entrepreneurial STEM education and digital formative
assessment. This can be provided through pre-service and in-service education programmes. This study
recommends conducting further research on the topic determining the qualification of educators and
pre-service teachers to conceptualize, plan and implement digital formative assessment in
entrepreneruial STEM education.
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Giris
Toplumsal gelisimi saglamanin en Oonemli yolunun bireysel gelisimi saglamak oldugu
diisiiniilebilir. Bireysel gelisim ise en etkili ve kalict sekilde aile ve okul tarafindan desteklenebilir.
Ancak bu gelisimin nasil saglanacagi da ayrica dnemlidir. Son yillarda bireysel gelisim ve toplumsal
kalkinmay1 desteklemek icin girisimcilik ve STEM egitimi 6n plana ¢ikmaktadir. Farkli alanlarda farkli
tanimlar1 bulunan girisimcilik ve STEM egitiminin faydalarina bakildiginda ise hangi alanda olursa
olsun ortak faydalar1 bulundugu gortilebilir.

Giderek daha fazla ilgi géren ve alaninda daha fazla yaym yapilan STEM egitiminin bireysel,
toplumsal ve kiiresel olarak farkli faydalar1 bulunmaktadir. Bir {ilkenin sosyal, ekonomik ve gevresel
kalkinmasina katkida bulunmasi (Kelley & Knowles, 2016), diinya ¢apinda goriilen ekonomik rekabette
geri kalmamaya yardimci olmast (Corlu, Capraro & Capraro, 2014), teknolojilerin yenilenmesini ve
gelismesini saglamasi (Sanders, 2007) ve STEM alanlarinda gerekli goriilen nitelikli is gliclinlin
yetistirilmesi (Nistor, Gras-Velazquez, Billon & Mihai, 2018) bu faydalar arasinda yer almaktadir.

2004 yili itibariyle egitim sisteminde 6gretim programindaki yeri tartisilan ve konu ile ilgili
yayinlarda artig gozlemlenen girisimcilik egitiminin de (Deveci, 2022) ayni1 sekilde bireysel, toplumsal
ve kiiresel olarak farkli faydalar1 bulunmaktadir. Girisimcilik egitimi sayesinde yenilikgilik, problem
¢cOzme, risk alma ve yeni durumlara uyum saglama gibi 21. yiizy1l becerileri ile donatilmis 6grenciler
yetistirilebilecegi (Adatepe, Kul & Adatepe, 2021; Avrupa Komisyonu, 2014; Rindova, Barry &
Ketchen, 2009), bireylerin kariyer gelisiminin desteklenebilecegi (Alvarez & Barney, 2007; Birdthistle,
Hynes & Fleming, 2007; Bruyat & Julien, 2001) ve sosyo-ekonomik konularda farkindaligin daha da
artirilabilecegi (Irzik, 2013) diigiiniilmektedir.

Girisimcilik ve STEM egitiminin birbirine entegre edilmesiyle ortaya ¢ikan girisimci STEM
egitimi ise diinya ¢apinda farkli disiplinlerde ¢alisilmaya baslanmistir (Bosman & Fernhaber, 2019;
Elliott, Mavriplis, ve Anis, 2020; Ugar, 2018). Bu anlamda STEM egitimi icerisinde girisimci bakis
acistyla etkinliklerin gelistirilmesinin ve uygulanmasmin STEM ve girisimciligin ayr1 ayn
uygulanmasindan daha etkili bir sonu¢ verecegi diisiiniilmektedir (Kaya-Capocci & Peters-Burton,
2023). Buna ragmen, bu entegrasyon yeni bir bakig acis1 oldugu icin heniiz etkili bir sekilde bu
entegrasyon gerceklestirilememistir. Girisimcilik ve STEM ayr1 ayrn konular olarak yansitilsa da bu
konular farkl iilkelerin 6gretim programlarinda yerini almigtir (6rn., Finlandiya Ulusal Egitim Kurulu,
2014; irlanda Egitim Bakanlhig1, 2016; Tiirk Talim ve Terbiye Kurulu, 2013). Ogretim programinda yer
alan konularm ilk uygulayicisi egitimciler oldugu icin egitimcilerin bu konulari etkili ve verimli bir
sekilde 6gretme ve 6grenme siirecine tasiyabilmesi de 6nem arz etmektedir. Bunu gergeklestirebilmek
icin ise egitimciler konuyla ilgili pedagojik yeterliliklere ve igerik bilgisine ihtiya¢ duymaktadir.

Ogretme ve 6grenme siirecinin ne kadar etkili ve verimli oldugu, yani 6grenmenin ne dereceye
kadar gerceklestigi degerlendirmeler yiiriitiilerek belirlenebilmektedir. Bu acidan bakildiginda, bir
Ogretme ve 0grenme siirecinin basarisini belirlemede degerlendirmenin rolii bitytiktiir. Degerlendirme
Ogretme ve Ogrenme siirecinin ayrilmaz bir pargasi olmasina ragmen (Basol vd., 2013), kimi zaman
ihmal edilebilmekte, kimi zaman ise bi¢imlendirici (siire¢) degerlendirme ihmal edilerek, sadece
Ozetleyici (sonug) degerlendirmeye odaklanilmaktadir (Medland, 2016; Struyven, Dochy & Janssens,
2005). Bunun disinda teknolojinin geligsmesi ve kiiresellesmeyle birlikte dijital ortamlarin ve teknolojik
cihazlarm egitimde kullanimi da yaygimlagmistir. Bu cihazlarin egitimde kullanim1 ve 6grencilere geri
bildirimde bulunmanin 6nemi gibi konularin etkililigini gdsteren calismalarin da ortaya ¢ikmasiyla
dijital bigimlendirici degerlendirme de arastirmalar arasinda yerini almaya baslamigtir (6rn., Celik,
2021). Dijital bigimlendirici degerlendirme, 6grenci motivasyonunu artirmanin, dgrencilerin sorumlu ve
Ozerk Ogrenenler olmalarina yardimei olmanin ve yasam boyu dgrenme stratejileri gelistirmenin yani
sira 6grencilerin basarisini artirmak, 6grenme giicliigii olan bireyler de dahil olmak {izere diisiik basariya
sahip Ogrencilere yardimci olmak ve yiiksek diizeyde 6grenmeyi desteklemek acisindan onemlidir
(Hotaman, 2020; Kaya-Capocci, O’Leary & Costello, 2022; Lopez-Pastor & Sicilia-Camacho, 2017).

Tim bunlardan yola ¢ikarak, girisimci STEM egitiminin ve dijital bi¢imlendirici
degerlendirmenin bir {ilkenin egitiminin ilerlemesi ve sosyal, bilimsel ve ekonomik gelisimin
saglanmas1 agisindan ayri ayri oneme sahip oldugu sonucu c¢ikarilabilir. Buna ragmen, yapilan
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sistematik olmayan literatiir taramasi, dijital bi¢imlendirici degerlendirmenin disiplinlerarasi baglamda,
ozellikle girisimci STEM egitimi kapsamina, nasil entegre edilmesi gerektigine dair yok denecek kadar
az caligma ortaya koymustur. Bu nedenle, bu teorik c¢alisma, egitimcileri dijital bigimlendirici
degerlendirmenin 6gretme ve 6grenme siirecinin ayrilmaz bir pargasi olarak smiflarda girisimci STEM
egitiminde zamanlt ve etkili bir sekilde nasil uygulanabilecegi konusunda bilgilendirmeyi ve
uygulamalar1 kapsayan planlamalarin yapilabilmesi i¢in egitimcilere destek olmayir amaglamaktadir.
Bunun i¢in bu calisma oncelikle girisimcilik ve STEM egitimini tanitmakta, sonra bigimlendirici
degerlendirmeyi tanitarak dijital ortamlarin ve teknolojik cihazlarin bi¢imlendirici degerlendirmenin bir
parcast olarak egitim-6gretim siirecine nasil dahil edilebilecegini agiklamakta ve bunun gerekliligini
tartismaktadir. Bu konularda egitimcilerin kendini gelistirmesinin gerekliligi de vurgulanarak
tartisildiktan  sonra, teknoloji kullanilarak Ogretme ve Ogrenme siirecinde bigimlendirici
degerlendirmenin girisimci STEM egitiminde nasil uygulanabilecegi agiklanmakta ve bu uygulamalarin
nasil gelistirebilecegini 6rnekleyen bir ders plani sunulmaktadir. Ders plani, ATS-STEM Bilimsel
Cercevesi (McLoughlin, Butler, Kaya, & Costello, 2020) ve Dijital Bi¢imlendirici Degerlendirme
Bilimsel Cergevesi (Kaya-Capocci, O’Leary, & Costello, 2022) temel alinarak gelistirilmistir. Bu
caligma, etkili bir dijital bigimlendirici degerlendirme igin dneriler sunularak tamamlanmustir.
Girisimcilik ve STEM Egitimi

Disiplinler arasi bir yaklagim olan ve her yastan birey i¢in 6rgiin egitim hedefi olarak goriilmeye
baglanan STEM egitimi yaklasimi uygulamalar1 son yillarda ivme kazanarak devam etmektedir. Bu
yaklagim, bilimlerin ayrik dogasini reddetmekte ve disiplinler arasindaki benzerliklerden yola ¢ikarak
biitlinlesmeye yonelen bir paradigma degisimini desteklemektedir. STEM egitimi merkezleri, STEM
laboratuvarlari, STEM okullari, STEM programlar1 ve daha nice STEM ile iliskili merkezler ve
uygulamalar diinya ¢apinda kaynaklar kullanilarak islerlige gegirilmektedir. STEM egitiminde yer alan
disiplinler ve konu alanlar1 agik bir sekilde tanimlanmasina ve bu terim yirmi yili agkin bir siiredir egitim
Ogretim programlarinda yerini almasina ragmen, bu disiplinlerin nasil bir araya getirildigine dair
tartismalar hala devam etmektedir (McLoughlin vd., 2020). Arastirmacilar STEM egitimini, bir disipline
odaklanarak iki veya daha fazla disiplini birlikte 6gretmekten, disiplinlerin odagini esit olarak dagitarak
dort disiplini birbirine entegre olarak 6gretmeye kadar farkli sekillerde kullanmaktadir (Bybee, 2013).
Biitiinlestirilmis STEM egitiminin ne olduguna dair de hala net bir tanim yapilmamasina ragmen,
yapilan tanimlar daha birbirine benzer hale gelmektedir (Johnson, 2013). Bu disiplinler aras1 yaklagim,
STEM disiplinlerinin igeriginin nasil birbirine bilgi saglayabilecegini gostermekten daha fazlasini
yaparak, tasarim, sorgulama, analiz ve 21. ylizyil becerilerini biitiinlestirmeyi amaglamaktadir (Kaya-
Capocci & Peters-Burton, 2023).

20. yiizy1lin sonlarma gelindiginde, STEM egitiminin 6gretim programlarina entegrasyonu ivime
kazanmaya baglamigtir. Bu entegrasyon farkli iilkelerde farkli nedenlerle desteklenmektedir. Bu
destegin potansiyel gerekcelerinden birisi gii¢lii ve istikrarli ekonomilere sahip iilkelerin genellikle etkili
ve basarilt bir STEM egitimine sahip olmalar1 olarak goriilebilir (Marginson, Tytler, Freeman ve
Roberts, 2013). Genel olarak STEM egitimi, insanlarin diinyay1 daha iyi anlamalarina ve bir iilkenin
ekonomisini, bilimsel bilgilerini ve teknolojisini gelistirmelerine yardimci olmaktadir. STEM egitiminin
temel amaci, 6grencilerin gilinlitk yasamda karsilastiklar1 sorunlari ele almalaria ve ¢oéziimler bularak
bu sorunlarin iistesinden gelmelerine destek olmak olarak goriilebilir (Johnson, Peters-Burton ve Moore,
2015; Li, Wang, Xiao, Froyd & Nite, 2020; McLoughlin, Butler, Kaya, & Costello, 2020). Buna ek
olarak biitiinlestirilmis STEM egitimi 6grencilerin dogal ve tasarlanmis diinyanin biitiinlesmis algisina
sahip olmalarina ve farkli konseptler arasindaki iliskileri analiz ve sentez ederek konseptler arasi iligkisel
baglantilar gelistirmesine yardimei olabilir (Fortus & Krajcik, 2020). STEM egitimini desteklemenin
diger gereckgeleri arasinda iilkelerin sosyal, ekonomik ve g¢evresel kalkinmanin gelisimine katkida
bulunmak (Kelley & Knowles, 2016) ve STEM alanlarinda nitelikli bir ig giicii olusturmak (Nistor,
Gras-Velazquez, Billon & Mihai, 2018) goriilebilir.

Yenilik¢iligin (inovasyonun) giinliik hayatimizda yerinin ve 6neminin artmasiyla, girisimcilik
egitimi de daha on plana ¢ikmaya baslamistir. Ancak girisimcilik egitiminden 6nce girisimciligin ne
oldugu, ne gibi ¢esitleri oldugu ve egitimde nasil kullanilabilecegi ile ilgili bilgi edinmekte fayda vardir.
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Girisimcilik ¢alisildig: alana gore spesifik ve daha genig bakis agilariyla tanimlanmaktadir. Spesifik
tanimlar daha ¢ok is kurmaya ve kar elde etmeye odaklanirken, girisimciligin daha genis tanimlari yeni
bir sey liretme, yenilik ortaya koyma cabasi ve girisimcilik becerileri gibi 6zelliklere odaklanmaktadir.
Kaya, Erduran, Birdthistle ve McCormack (2018) de girisimciligin genis tanimlarini analiz etmis ve
buradan yola ¢ikarak egitim acisindan girisimciligi su sekilde tanimlamistir:

Girisimcilik; firsatlar: ve olast basarisizliklarini fark ederek ve gerekli kaynaklar
kullanarak gelecegin iiriin ve hizmetlerini yaratmak igin yeni ekonomik, sosyal,
kurumsal, kiiltiirel ve bilimsel ¢evreler veya organizasyonlar olusturma siirecidir.

Kaya vd. (2018)

Egitimde de kullanilmaya baslanmasina ragmen, alanda yapilan ¢alismalara bakildiginda, bu
caligmalarin daha cok finansal girisimcilige odaklandigi1 goriilmektedir (6rn., Deveci ve Cepni, 2014).
Girisimciligin ¢ikis noktasinin iktisadi ve idari bilimler oldugu goz oniine alindiginda, bu sasirtici bir
sonug degildir. Ancak egitim fakiilteleri bir ticarethane olmadigi, bir egitim kurumu oldugu i¢in bu
kavramin iktisadi ve idari bilimlerden dogrudan finansal bir bakis acistyla alinarak, kavramsal
adaptasyonu yapilmadan kullanilmast dogru bir yaklasim olarak kabul edilmemelidir. Ulkelere katkisina
ve egitimin hedeflerine bakildiginda girisimciligin sosyal ve yenilik¢i (inovatif) tiirlerinin egitim
alaninda kullanilmasinin daha dogru olacagi sdylenebilir. Bunun nedenlerini daha iyi anlamak igin
sosyal ve yenilik¢i girisimcilige bakacak olursak, sosyal girisimcilikte sosyal temelli misyon ve vizyonla
donatilmis olmak, sosyal degerler yaratmak, sosyal girisimcilik firsatlarin1 gergeklestirmek, yenilikei
olmak, kaynak yaratmay1 ve siirdiiriilebilirligi saglamak ve sosyal aglardan faydalanmak gibi 6zelliklere
odaklanilmaktadir (Kirilmaz, 2014). Yenilik¢i girisimcilige bakildiginda ise, bu girisimcilik tiiriiniin
bireysel ve bolgesel zenginlik yaratmanin yani sira toplumsal ilerlemeye katkida bulunmak i¢in farkli
alanlarda etkili ve verimli sonuglar ortaya koymay1 hedefledigi goriilmektedir (Block, Fisch & Van
Praag, 2017). Bu girisimcilik tiirleri etkili bir sekilde egitime entegre edildigi zaman finansal girisimcilik
de dogal yollarla kendiliginden agiga ¢ikacak ve iilkelerin sosyal, bilimsel ve teknolojik geligiminin yani
sira ekonomik gelisimine de katkida bulunacaktir.

Girisimcilik egitiminde sosyal ve yenilik¢i girisimcilige yer verilmesiyle ortaya ¢ikan faydalarin
yani sira, girisimcilige egitimde yer verilmesinin farkli faydalari da bulunmaktadir. Ornegin,
girisimcilik, yenilik¢i ve problem ¢oziicii, uygun riskleri alabilen ve yeni durumlara uyum saglayabilen
ogrenciler yetistirmeye katkida bulunmaktadir (Avrupa Komisyonu, 2014; Adatepe, Kul & Adatepe,
2021; Hisrich & Peters, 2002; Rindova, Barry & Ketchen, 2009). Girisimciligin diger derslerle
birlestirilmesinin kariyer gelisimi (Alvarez & Barney, 2007; Bruyat & Julien, 2001; Birdthistle, Hynes
& Fleming, 2007), sosyo-ekonomik konularda farkindaligr artirma (Irzik, 2013), 21. ylizy1l becerilerini
gelistirme (Hisrich & Peters, 2002; Volkmann, Wilson, Mariotti, Rabuzzi, Vyakarnam & Sepulveda,
2009) ve tlkelerin sosyal ve ekonomik olarak ilerlemesi (Amos & Onifade, 2013) gibi konularda da
fayda saglayabilecegi dngoriilmektedir.

Yenilik¢iligin (inovasyonun) giinliik hayatimizda yerinin ve dneminin artmastyla, girisimcilik
ve STEM egitimi de birbiriyle daha ¢ok iliskilendirilmeye baslanmistir. Bu iliskilendirme egitimde
farkli sekillerde yapilmaktadir. Bunlardan birisine 6rnek olarak STEM egitimi i¢in gereken becerilerin
girigimcilik egitimi araciligtyla ortaya ¢ikarilabilmesi diisiincesidir. STEM egitiminden daha verimli ve
etkili bir sekilde faydalanilabilmesi igin STEM becerilerinin 6n plana ¢ikarilmasi, gelistirilmesi
gerekmektedir. Bu STEM becerileri bazi kaynaklarda 21. yiizy1l becerileri olarak da karsimiza
¢ikabilmektedir. STEM becerilerini a¢iga ¢ikarmanin bir yolu ise girisimcilik egitimi olarak goriilebilir
clinkli girisimcilik egitiminde (enterprise education) becerilerin gelistirilmesi 6n plandadir (Leffler,
2014) ve hedeflenen beceriler girisimcilik becerileriyle benzerlik gostermektedir.

Son yillarda, girisimei STEM egitimi diinya ¢apinda farkli disiplinlerde ¢alisiimaya baslanmigtir
(Bosman & Fernhaber, 2019; Elliott, Mavriplis, & Anis, 2020; Jackson vd., 2023; Kaya-Capocci &
Peters-Burton, 2023). Girisimci STEM egitiminde STEM igerigi, STEM'de girisimci bir zihniyet ve
niyet gelistirmeyi destekleyen girisimci bir mercek araciligiyla 6gretilir. Bagka bir deyisle, girisimci
STEM'de girisimci bir bakis agisiyla STEM bilgi ve kaynaklari dijital teknolojilere, bilimsel buluglara
ve STEM iiriin veya hizmetlerine doniistiiriiliir ve akademiden halka aktarilir (Kaya, 2019; Sarasvathy,
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2001). Girisimci STEM egitimi, 6grencilerin STEM'in giinliilk yasamda nerede ve nasil kullanildigini
fark etmelerine yardimei olabilir (6rn., Pabugcu Akis & Demirer, 2023), bu da STEM disiplinlerine ilgi
ve motivasyonu artirabilir (Ugar, 2020). Ayrica girisimci STEM egitimi ile 6grenciler 21. yiizyil beceri
ve yeterlilikleri ile donatilmakta ve bunlar1 farkli baglamlarda uygulayarak giindelik sorunlara yenilikci
¢ozliim tretmektedirler (Deveci & Cepni, 2014; Jang, 2016; Kaya-Capocci & Ugar, 2023). Girisimci
STEM bakis agismmin gelistirilmesiyle, 6grencilerin yeni firsatlarin varligi konusundaki farkindaligi
artirilabilir ve bu farkindalik onlarin gelecekte yeni is olanaklari ortaya ¢ikarmalarina ve kariyerlerinde
ilerlemelerine yardimci olabilir (Alvarez & Barney, 2007; Kaya vd., 2018). Tiim bunlar, 6grencilerin
potansiyellerinin tamamini ortaya koyabilmelerine yardimci olabilir (Volkman vd., 2009). Girisimci
STEM bakis a¢isina sahip vatandaglar yetistirmek, iilkelerin sosyal, bilimsel, ekonomik ve g¢evresel
kalkinmasina da katkida bulunabilir. Bu da gelecekte kiiresel salgin hastaliklar veya kiiresel 1sinma gibi
birgok sorunun 6nlenmesine veya iistesinden gelinmesine de yardimeci olabilir. Bilimsel, ekonomik ve
teknolojik gelisme icin kullanilmayan ve halka fayda saglamayan STEM ciktilar1 nemini yitirerek
unutulmaktadir.

Girisimci STEM egitimi “Disiplinler Aras1 Fen Ogretimi” gibi lisans dersleri araciligiyla ayri
ayr1 disiplinler olarak da olsa egitim 6gretim programinda yerini alsa da bu entegrasyonun verimliligini
belirlemede degerlendirmenin rolii biiyiiktiir. Degerlendirme, 6zellikle bigimlendirici degerlendirme,
kimi zaman ihmal edilmis olsa da 6gretme ve dgrenme siirecinin ayrilmaz bir pargasi olarak egitimdeki
yerini korumaktadir (Basol vd., 2013). Teknolojinin gelismesi ve kiiresellesmeyle birlikte dijital
ortamlarin ve teknolojik cihazlarin egitimde kullanima girmesiyle ise dijital siire¢ degerlendirmenin
onemi dikkatleri cekmeye baglamistir.

Bicimlendirici Degerlendirme: Avantajlari, Dezavantajlar1 ve Oneriler

Degerlendirme uygulamalarinda cesitliligin artirilmasi gerektigine isaret eden pek ¢ok calisma
bulunmaktadir. Ancak, yliksek 6gretimdeki degerlendirmeye hala Gzetleyici (sonug) degerlendirme
stratejileri hakimdir (Medland, 2016). Tirkiye'de sadece yiiksek Ogretimde degil, diger egitim
seviyelerinde de bigimlendirici degerlendirmenin 6gretme ve 6grenme siireclerine nasil uygulanmasi
gerektigine dair literatiir eksikligi bulunmaktadir. Bu nedenle bu béliimde oncelikle bigimlendirici
degerlendirmenin avantajlar1 ve dezavantajlari tartigilacak, sonrasinda ise bu uygulamanin siniflara nasil
entegre edilebilecegine dair dneriler verilecektir.

Bi¢imlendirici degerlendirme genellikle, O6grencilerin dgrenmelerindeki ilerlemelerini
desteklemek i¢in nelerin gerekli oldugunu belirlemek amaciyla 6grencilerin 6grenmeleri hakkinda bilgi
toplamayr ve kullanmayi hedefleyen smif i¢i siiregleri ifade eder (ARG, 2002). Bic¢imlendirici
degerlendirme, 6grenme siireci boyunca her adimdan ya da kazanimdan sonra uygulanabilir. Bu tiir
degerlendirmede siire¢ igerisinde yer alan ve egitim-0gretimin kalitesini belirlemede kullanilan doniit,
diizeltme ve 6grenci katilimi gibi unsurlar 6gretimin basarisina katki saglamaktadir (Atilgan, 2017).
Smif i¢i egitim siirecinde bi¢cimlendirici degerlendirmeyi kullanmanin birgok faydasi vardir. Bu tiir bir
degerlendirme gerceklestirilmesi, 6grenme siireci boyunca egitsel faaliyetlerle ulagilmaya c¢aligilan
hedeflere basarili bir sekilde ulasilip ulasilamadigi konusunda kisa ve yonlendirici doniitler saglayarak
egitim silirecinde uyarici bir iglev gosterir (Hotaman, 2020). Buna ek olarak, bi¢imlendirici
degerlendirme, 6grenci motivasyonunu artirmanin, 6grencilerin sorumlu ve 6zerk 6grenenler olmalarina
yardimc1 olmanin ve yasam boyu Ogrenme stratejileri gelistirmenin yani sira 0grencilerin basarisini
artirabilir, 6grenme giicliigii olan bireyler de dahil olmak {izere diisilk basariya sahip Ogrencilere
yardimci olabilir ve yiiksek diizeyde ogrenmeyi destekleyebilir (Lopez-Pastor & Sicilia-Camacho,
2017). Bigimlendirici degerlendirmenin faydalari, nasil uygulandigina ve ogrenci Ornekleminin
biiytikliigiine gore degisebilir (Bennett, 2011).

Her seyin oldugu gibi bigimlendirici degerlendirmenin de dezavantajlar1 vardir. Lopez-Pastor
ve Sicilia-Camacho (2017), alt1 yil aradan sonra Bennett’in (2011) c¢aligmasina benzer bir ¢alisma
yiirlitmiis ve bu calismalarin sonucunda benzer bulgulara ulagmistir. Bu sonuglara bakildiginda,
bi¢imlendirici degerlendirme konusunda ogrenci ve egitimci deneyimi eksikligi, bi¢imlendirici
degerlendirmenin okullarda nasil uygulanmasi gerektigine dair egitimci bilgisi eksikligi ve 6grencilerin
ve egitimcilerin dijital bi¢imlendirici degerlendirme kullanimindan dolay1 ortaya ¢ikan asir1 is yiikii
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algist gibi sorunlar tespit edilmistir. Bu tiir sorunlarin iistesinden gelebilmek igin bi¢imlendirici
degerlendirme konusunda egitimci ve 6grencilerin bilgi, beceri ve tutumlariin yiikseltilmesini ve bu
tir degerlendirmenin yapildigi uygulamalarin artirilmasimi destekleyen g¢aligmalar yapilmalidir. Bu
anlamda, ilk adim olarak 6grenci ve egitimcilerin bigimlendirici degerlendirme stratejileri konusunda
bilgi sahibi olmasi saglanarak, sinif i¢i uygulamalarla bu stratejilerin degerlendirme ve 6§renmenin
entegrasyonu i¢in kullanilmasi i¢in tesvik edilmelidir.

Wiliam ve Thompson (2008) yiiriittigii ¢alisma sonucunda bes tane bigimlendirici
degerlendirme stratejisi Onermis ve bu stratejiler kabul gorerek alan yazinda yaygin olarak ¢aligilmistir.
Bu stratejiler asagidaki gibi 6zetlenmektedir:

Kazanimlar1 ve basari kriterlerini netlestirme ve paylasma;

Etkili sinif i¢i tartismalari, soru-cevap etkinlikleri ve 6grenme gorevleri tasarlamak;
Ogrencilerin 6grenmesini ileriye tasiyan geri bildirimlerde bulunmak;

Ogrencileri birbirleri igin 6gretim kaynaklari olarak harekete gegirmek (akran degerlendirmesi);
Ogrencileri kendi 6grenmelerinin sahipleri olarak harekete gegirmek (6z degerlendirme).

arwbdPE

Diinya capinda STEM ile iliskili disiplinlerde bi¢cimlendirici degerlendirmenin uygulanmasina
yonelik bir¢cok ¢aligma yapilmasina ragmen, Tiirkiye’de yiiriitiilen sinirli sayida ¢aligma bulunmaktadir.
Inaltun ve Ates (2018), 2001 ve 2017 yillar1 arasinda Web of Science (WoS) veri tabaninda fen
egitiminde bicimlendirici degerlendirme ile ilgili literatiirii gozden gecirmis ve sadece biri Tiirkiye
baglaminda olmak iizere 31 ¢alisma tespit etmistir. Yazarlar ayrica ayni konuda WoS 'da yer almayan
yedi bagka Tiirk ¢caligmasini da listelemislerdir. WoS veri tabaninda listelenen tek caligma olan Aydeniz
ve Dogan (2016) calismasinda Tiirkiye'deki 53 son smif fen bilgisi 6gretmen aday: ile dgretmen
adaylarinin bi¢cimlendirici degerlendirme konusundaki pedagojik kapasitelerini inceleyen bir arastirma
yuriitmistiir. Elde edilen sonuglara bakildiginda, katilimcilarin 6grencilerin gerekgelendirmelerindeki
yanlig inanislari, sinirliliklari ve giiclii yonlerini basarili bir sekilde belirlemede basarisiz olduklari tespit
edilmistir. Bu sonug, Tiirkiye'de bicimlendirici degerlendirme arastirmalarinin ne kadar simirh
oldugunun bir gostergesi de olabilir. Bi¢imlendirici degerlendirmenin sinirlt kullanimina ek olarak son
donemde COVID-19 gibi ¢esitli salginlarin, pandemilerin ve dogal afetlerin ortaya ¢ikmasiyla dijital
ortamlarin ve teknolojik araglarin da egitimde, dolayisiyla degerlendirmede, daha yaygin olarak
kullanimi giindeme gelmistir. Buradan yola c¢ikarak, bir sonraki bdliimde dijital bicimlendirici
degerlendirme tanitilacak ve uygulamalar tartigilacaktir.

Dijital Bicimlendirici Degerlendirme: Teknolojinin Bicimlendirici Degerlendirmeye
Entegrasyonu

Cesitli aragtirmacilar, 6grenci ve degerlendirme merkezli 6grenme ortamlart olusturmak igin
¢evrimi¢i bicimlendirici degerlendirmeye odaklanmayi onermektedir (Gikandi, Morrow & Davis,
2011). Dijital bi¢imlendirici degerlendirme, 6grenci ilerlemesinin degerlendirilmesini desteklemek i¢in
dijital O6grenmenin tiim oOzelliklerini kullanan bi¢imlendirici degerlendirme yaklagimi olarak
aciklanmaktadir (Kaya-Capocci, O’Leary ve Costello, 2022; Looney, 2019). Bu tiir degerlendirmede
teknoloji Onemli bir yere sahiptir. Dijital bi¢imlendirici degerlendirmenin smif igerisinde
kullanilmasinin da literatiirde farkli avantajlar1 belirlenmistir. Ornegin, daha anlik ve amagli olan
geribildirimlerin verilebilmesini de i¢ine alan ve bilgi ve basari ile iliskilendirilen faydalarinin yani1 sira
gelismis 6z-diizenleme kapasitesinin artmasini da i¢ine alan karmasik bilissel siirecler ile iligkilendirilen
avantajlar1 yer almaktadir (McLaughlin & Yan, 2017). Buna ek olarak dijital siire¢ degerlendirme,
Ogrencilerin 6grenme motivasyonunun artirilmasini (Bhagat & Spector, 2017) ve her zaman her yerde
kullanilabildigi i¢in zaman ve mekan smirlandirmasi olmadan 6grenmeyi destekleyebilmeyi de
saglamaktadir (Barana & Marchisio, 2016).

Cevrimigi bigimlendirici degerlendirme etkili ve aninda geri bildirim, kritik 6grenme siireglerine
katilim ve esitlik¢i egitimi tesvik sagladiginda yenilik¢i ve 6grenen merkezli bir pedagojik strateji olarak
islev gormektedir (Gikandi, Morrow & Davis, 2011). McLaughlin ve Yan (2017) ¢evrimigi
bi¢imlendirici degerlendirme literatiiriinii inceleyerek ve 2006 ile 2016 arasinda yayinlanan ve konu ile
iligkili goriilen 55 calisma belirlemistir. Gikandi, Morrow ve Davis' in (2011) belirledigi ¢alismalar
cikarildiginda, 2010'dan 2016’ya kadar yaymlanmis 32 ek ¢alismaya rastlanmistir. Bu 32 calismanin
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ilkogretim, ortadgretim, lise ve liniversite diizeylerini ele aldig1 diisliniildiiglinde, yedi yil igerisinde
konu ile ilgili yapilmig ¢aligmalarin ¢ok sinirli sayida oldugu ¢ikariminda bulunulabilir. Bigimlendirici
degerlendirmede dijital araglarmn kullanimina iliskin farkli ¢alismalar yiiriitiilmiistiir. Ornegin,
McLaughlin ve Yan (2017), dijital bi¢cimlendirici degerlendirme i¢in kullanilabilecek dijital araglarin
bir listesini sunmustur. Bu listenin potansiyel kullanimlariyla birlikte daha genisletilmis bir versiyonu
Reynolds, O'Leary, Brown ve Costello (2020) tarafindan saglanmaktadir. Listede yer alan dijital
araglarin kullanimi ve etkililigi {izerine de farkli ¢alismalar yiiriitiilmistiir. Bu listede de yer alan
Kahoot! ve e-Quiz, ismail, Ahmad, Mohammad, Fakri, Nor ve Pa’ nin (2019) yiiriittiikkleri calismada
karsilagtirllmis ve Kahoot!” un daha etkili bir bi¢imlendirici degerlendirme araci oldugu bulgusuna
ulagsmustir. Benzer sekilde, Zhan, Sun, Chan, Chan, Lam ve Lee (2019) yaptiklar1 ¢alismada Kahoot!,
Mentimeter ve Googlet'yi karsilastirmistir. Calismada elde edilen sonuglar, katilimcilarin
cogunlugunun Google+'nin etkililiginden siiphe ederken Kahoot! veya Mentimeter'e kars1 olumlu bir
tutum sergiledigini gostermistir. Bicimlendirici degerlendirmede dijital araglar kullaniminin etkililigini
gosteren arastirmalar bulunmasina ragmen, bu aragtirmalar egitimcilerin bu tiir araglarinin 6gretme ve
Ogrenme siirecine nasil entegre edilebilecegine dair bilgi eksikligine sahip oldugunu da gostermektedir.

Tiirkiye literatiiriine bakildiginda ise farkli egitim alanlarinda yine sinirhh sayida calisma
karsimiza ¢ikmaktadir. Hotaman (2020) bigimlendirici degerlendirmenin uzaktan egitimde
uygulanmasiyla elde edilebilecek faydalari degerlendirip egitimcilerin dikkatine sunmay1 amaglayan bir
literatlir taramasi ylriitmustiir. Literatiir taramasinin sonucunda bigimlendirici degerlendirmeyi
cevrimici egitimin merkezine yerlestirmenin ortaya ¢ikabilecek 6grenme eksikliklerinin belirlenmesi ve
giderilmesi hususunda 6nemli bir katkisinin olacagi goriisiine varilmistir. Celik ve Tepe (2022) sosyal
bilgiler alaninda 6gretmen adaylarinin dijital degerlendirme araglari kullanarak dersler planlayip dijital
ortamlarda bu planlar1 uygulama siirecine iligkin deneyimlerini arastirmistir. Aragtirmanin sonucunda
en fazla ders igeriginin 7. Smf diizeyinde olusturuldugu ve igerik olusturmada en fazla “Quiziz”
uygulamasinin tercih edildigi goriilmiistiir. Ogretmen adaylar1 egitim uygulamalarinda dijitallesmenin
gerekliligini vurgulamanin yami sira egitimcilerin ve 6gretmen adaylarinin dijital degerlendirme
araglarinin nasil kullanilacagi konusunda daha fazla bilgiye sahip olmasi gerekliligi ve bu siirecte aktif
ogrenme siirecinin kullanilmasinin 6nemini belirtmistir. Yine sosyal bilgiler alaninda Celik (2021)
tarafindan yiiriitiilen bir caligmada Web 2.0 teknolojilerini degerlendirme siirecinde kullanan sosyal
bilgiler 6gretmen adaylarinin siirece iliskin deneyimleri arastirilmistir. Ozcan (2022) calismasinda, simf
ici teknoloji destekli bigimlendirici degerlendirme yetkinliginin egitimcilerin sinif yonetimi becerileri
lizerine etkisini arastirmistir. Yilmaz (2017) ise arastirmasinda sinif i¢i bigimlendirici geri bildirim ve
degerlendirme sistemi olusturmak i¢in mobil teknolojinin kullanilabilirligini arastirmistir. Yapilan bu
caligmalara bakildiginda dijital bi¢imlendirici degerlendirmeyi disiplinler arasi alanlarda, 6zellikle
girisimci STEM egitimi kapsaminda uygulayabilmek i¢in ders planlamasinin nasil gelistirilebilecegine
ve uygulanabilecegine dair bir c¢alismaya Tirkiye’de rastlanmamistir. Bu kapsamda, Butler,
McLoughlin, O’Leary, Kaya, Brown ve Costello (2020), Avrupa’ da dokuz iilkede yiiriittiigli calisma
sonucunda, STEM egitimi kapsaminda dijital bi¢gimlendirici degerlendirmenin uygulanabilmesi igin
ATS-STEM Bilimsel Cergevesi’ni ortaya koymustur. Bu gergeve Sekil 1’ de sunulmustur.
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Problem ¢ozme Problem ¢6zme tasarimi ve
Yenilikgilik ve yaraticilik yaklagimlari
iletisim Disipliner ve disiplinlerarasi bilgi

Kritik disinme

Ust biligsel beceriler
ishirlikgilik

0Oz diizenleme

Disipliner beceri ve yeterlikler

Gergek yasam baglami

Teknolojinin uygun kullanimi ve
uygulamasi

Miihendislik tasarim ve uygulamalari
Uygun pedagojik uygulamalar

Buttinlestirilmis

STEM konulari
(Kazanimlar)

STEM 6greme tasarimi ilkelerini
yansitma

EsnekA Geribildirimi destekleme

Fonksiyonel STEM igerigi entegre etme

EUHTISII 0z degerlendirmeyi destekleme
rati

Ogrenme kanitlarini ortaya gikarma
Akran degerlendirmeyi destekleme

J L

Sekil 1. Biitiinlestirilmis STEM Egitimi i¢in Genisletilmis ATS STEM Kavramsal Cergevesi
Dijital araglar1 6gretme ve 6grenme siireglerine entegre ederken teknolojik araglarin ¢ islevi

g0z Oniine alinarak bu entegrasyonun etkili bir sekilde gergeklestirilmesi Fen ve Matematik Egitiminde
Bicimlendirici Degerlendirme (FaSMEd) girisimi (Avrupa Komisyonu, 2016) tarafindan
onerilmektedir. Bu {i¢ islev gonderme/goriintiileme, isleme/analiz ve etkilesimli ortam saglama olarak
belirlenmis ve islevlerin agiklamalari agagida sunulmustur.

1. Goénderme ve Gosterme: Bu islev kullanilarak ogrencilerle paylasim yapilabilir. Icerik

ogrencilere gosterilebilir ya da dijital ortamda gonderilebilir. Bu sekilde, 6grencilerin konu ile
ilgili gegmis bilgileri/6grenmeleri belirlenebilir, bigimlendirici degerlendirme siirecindeki farkli
aktorler (6rnegin 6grenci, akran, egitimci) arasinda iletisim kurulabilir, 6grencinin animsama
ve cevap slireci kolaylastirilabilir.

Isleme ve Analiz: Bu islev kullanilarak 6grencilerin zihinsel siireclerinden haberdar olunabilir.
Ogrencilerin sagladig1 icerik islenir ve analiz edilir. Bu sekilde, belirlenen basar1 kriterlerine
dayali olarak 6grenen performansim isleyerek ya da analiz ederek ilgili verilerin segilerek
cikarilmasina veya Ozetlenmesine ve bigimlendirici degerlendirmenin yorumlanmasina
yardimei1 olunabilir.

Etkilesimli Ortam: Bu islev kullanilarak dijital bir ortamda egitimde farkli aktorlerin
birbirleriyle etkilesime girmesi saglanabilir. Ogrenciler, igerigi kesfetmek icin bu ortama
bireysel olarak, akranlar1 ile veya egitimcileri ile birlikte dahil edilebilirler. Ogrencilere
etkilesimli bir ortam saglamak ve icerigi etkilesimli olarak kesfetmelerini saglamak i¢in bu
siiregte dijital araclar kullanilabilir.

Dijital bigimlendirici degerlendirme stratejileri ve teknolojinin iglevlerinden yola ¢ikarak Kaya-

Capocci, O’Leary ve Costello (2022) Dijital bigimlendirici degerlendirme Bilimsel Cergevesi’ ni
gelistirmis ve sunmustur. Bu cerceve Sekil 2’de sunulmaktadir.
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Bi¢imlendirici Degerlendirme Dijital Teknoloji islevsellikleri
Stratejileri _
A. Gonderme/Goriintiileme B. Isleme/analiz etme C. Etkilesimli ortamlar
1. Ogrenme niyetlerini (kazanimlarini) ve 1A 1B 1C
basar kriterlerini netlestirme/paylasma ve
anlama
2. Etkili sinif tartigmalari, soru-cevap 2A 2B 2C
etkinlikleri ve 6grenme gorevleri
tasarlama
3. Ogrencileri ileriye tastyan geri bildirim 3A 3B 3C
saglama
4. Akran ve 6z degerlendirme 4A 4B 4C

Sekil 2. Yiiksek d6grenimde dijital bigimlendirici degerlendirmeyi kavramsallastirmak, planlamak ve
uygulamak i¢in bilimsel bir ¢ergeve

Sekil 2’den de anlasilacag: gibi, teknolojinin bu islevleri, 6grencinin ilerlemesini desteklemek
icin girisimci STEM egitimi baglaminda bigimlendirici degerlendirme stratejileri ile birlikte
kullanilabilir. Ancak, egitimciler bu tiir stratejileri ve yaklagimlari planlamak ve uygulamak icin destege
ihtiya¢ duyabilir. Bu nedenle, bir sonraki boliimde egitimcilerin dijital bicimlendirici degerlendirmeyi
Ogretme ve 6grenme siirecinin ayrilmaz bir pargasi olarak siniflarda girisimci STEM egitiminde zamanl
ve etkili bir sekilde nasil uygulanabilecegi konusunda planlama ve uygulama yapabilmesine katkida
bulunabilmek i¢in ATS-STEM ve Dijital Bi¢imlendirici Degerlendirme Bilimsel Cerceveleri
kapsaminda 6rnek bir ders planmi gelistirilmis ve sunulmustur.

Adim Adim Entegrasyon: Girisimci STEM Egitiminde Dijital Bicimlendirici Degerlendirme
Ders Plam

Girigsimcilik ve STEM ayr1 ayr1 konular olarak yansitilsa da, bu konular farkli iilkelerin 6gretim
programlarinda yerini almistir (6rn., Finlandiya Ulusal Egitim Kurulu, 2014; irlanda Egitim Bakanligi,
2016; Tiirk Talim ve Terbiye Kurulu, 2013). Ogretim programina bir konu dahil edildiginde, egitimciler
bunu dgretimlerine entegre edebilecek yetkinlige sahip olmalidir. Ornegin, 2021-2022 akademik y1l1 ile
birlikte Tiirkiye'de 6gretmen yetistirme programlaria eklenen “Disiplinler Arasi Fen Ogretimi” baslikli
zorunlu bir ders ile de diinya ¢apinda yayginlasan disiplinler aras1 yaklagimlar konusunda donaniml
egitimciler yetistirmek hedeflenmistir. Bu ders kapsamina girisimcilik ve STEM egitimi dahil edilebilir.
Ancak literatiirde de goriildiigl gibi egitimciler ve 6gretmen adaylar1 hala girisimci STEM egitimi,
bi¢imlendirici degerlendirme ve dijital egitim kavramlarina yeterince asina degildir. Bu nedenle,
derslerin planlanmasi ve uygulanmasi siirecinde zorluklar yasanabilecegi ongoriilmektedir ve onceki
boliimlerde sunulan alan yazin da bu ¢ikarimi destekler niteliktedir. Bu kavramlar1 derslere entegre
etmek igin, egitimciler icerikle ve bu igerigi ders planlarina dahil etme yollariyla daha asina hale
gelmelidir. Egitimcilere aciklayici, pratik ve yenilik¢i 6gretim uygulamalari saglamak i¢in bu boliimde
ornek bir ders plan1 gelistirilmistir.

Bu boliimde sunulan ders planinda standart olarak biitiin planlarda yer alan tarih, ad-soyad, iinite
adi1 gibi genel ayrintilar verilmemistir. Ders planinin gelistirilmesi siirecindeki biitiin adimlar, Sekil 1°de
sunulan ATS-STEM Cergevesi’ nde (Butler, McLoughlin, O’Leary, Kaya, Brown & Costello, 2020) yer
alan temalardan yola c¢ikilarak belirlenmistir. Son adim (Adim 7’de) ise Sekil 2°de sunulan Dijital
Bigimlendirici Degerlendirme Bilimsel Cergevesi (Kaya-Capocci, O’Leary & Costello, 2022) temel
alinarak detaylandirilmustir.

Adim 1 - Biitiinlestirilmis STEM egitimi konusunun belirlenmesi

Bu adimda egitimciler bir sonraki haftanin konusuna ve igerigine bakarak biitiinlestirilmis
STEM egitimi konusuna karar verebilirler. Genel anlamda bu konularin son dénemde onem kazanan
Birlesmis Milletler (2015) tarafindan 2030 yilina kadar gerceklestirilmesi desteklenen siirdiiriilebilir
kalkinma hedefleri kapsaminda secilmesi ya da desteklenmesi nerilmektedir. Mevcut ¢alisma, egitimci
kisinin konuyu belirlemesi yerine daha etkili bir yontem olan ve 6grencilerin derse aktif katilimini
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gerektiren 6grencilerin giinlilk yasamda gozlemledikleri sorunlar dogrultusunda konuyu 6grencilerin
belirlemesi dogrultusunda planlanmistir. Bu kapsamda ilk olarak asagidaki ¢aligmalar yapilir:

. Bir 6nceki hafta, konuyu belirlemeden 6nce, egitimci kisi 6grencileri sosyal, inovatif ve
finansal girisimcilik konusunda bilgilendirir ve konu ile ilgili 6rnekler verir.

. Bir dnceki hafta, konuyu belirlemeden 6nce, egitimci kisi STEM egitiminin 6zellikleri
konusunda dgrenciler arasinda tartisma yaptirir.

° Egitimci kisi 6grencilerin yerel halkin karsi karsiya oldugu {i¢ ana sorunu belirleyerek
smifa getirmelerini ister.

. Egitimci kisi, bu sorunlarin ¢dziimiinde girisimcilik ve STEM uygulamalarimin nasil
kullanilabilecekleri konusunda kiigiik bir aragtirma yapmalarini belirtir.

. Ogrenciler, sorunlar ve sorunlarin girisimci STEM ile ¢oziimleri konusunda
¢Oziimlerini igeren bir taslak ile bir sonraki hafta sinifa gelirler.

Konu netlestirilirken egitimci, 6grencilerin tespit ettikleri sorunlarda siirdiiriilebilir kalkinma
hedeflerinin nasil yer aldigina dair sorular yoneltecektir.

Adim 2 — STEM vyeterliklerinin belirlenmesi

Konu ile ilgili ne yapilmas1 gerektigi yapilandirildiktan sonra STEM yeterlikleri belirlenir.
Mevcut etkinlikte ATS-STEM Bilimsel Cergevesi’nde yer alan sekiz yeterlikten bir tanesi ana yetkinlik,
baska iki tanesi ise yan yetkinlik olarak belirlenmistir.

Ana yetkinlik: Problem ¢6zme
Yan yetkinlikler: Elestirel diisiinme; Yaraticilik

Adim 3 — Kazanimlarin belirlenmesi

Konu ile ilgili ne yapilmas1 gerektigi yapilandirildiktan ve hedeflenen STEM yetkinliklerine
karar verildikten sonra, egitimci 6grenci kazanimlarini belirler. Mevcut etkinlikte 6grenci kazanimlari
(K) asagidaki gibi belirlenmistir:

K1: Ogrenciler bulunduklar1 bolgede karsilastiklar1 sorunlari fark eder (problem ¢dzme
yeterliligini hedefleme)

K2: Ogrenciler yerel kaynaklar1 kullanarak belirledikleri bir soruna STEM temelli
yaratici bir ¢oziim Onerebilir (problem ¢ézme ve yaraticilik yeterlilikleri)

K3: Bu yerel sorunu ¢6zmenin toplumun gelisimine nasil katkida bulundugunu elestirel
bir sekilde degerlendirebilir (elestirel diisiinme yetkinligi)

K4: Bu yerel sorunun ¢dziimiine girisimcilik ¢esitlerinin nasil bir katkida bulundugunu
analiz edebilir (problem ¢6zme ve elestirel diisiinme)

K35: Bu yerel sorunun ¢6ziimiine STEM egitiminin nasil bir katkida bulundugunu analiz
edebilir (problem ¢dzme ve elestirel diisiinme)

Adim 4 — STEM egitiminde kullanilacak égrenme tasarimu ilkelerinin (yontem ve stratejilerin)
belirlenmesi

STEM egitiminde kullanilabilecek farkli 6grenme tasarimlari bulunmaktadir (Butler,
McLoughlin, O’Leary, Kaya, Brown & Costello, 2020). Burada, uygun teknolojilerin kullanimu,
miihendislik tasarim siireci (MTS), tasarim odakli diisiinme ve proje temelli 6grenme gibi 6gretim
yontem ve stratejilerini igeren etkinliklere yer verilebilir. Mevcut c¢alismada teknolojilerin uygun
kullanim1 ve uygulanmasina ve MTS’ye (Douglas, Moore, & Adams, 2016) yer verilmistir. Gerekli
detaylara altinct adimda yer verilecektir.

Adim 5 — Basart kriterlerinin belirlenmesi

Burada hedeflenen her bir kazanimin basariya ulasip ulagsmadigimi belirlemek icin basari
kriterleri belirlenir. Kazanimlar ve basar1 kriterleri sade, acik ve anlagilir bir sekilde 6grencilerin
anlayacagi bir dille yazilmalidir. Burada amag¢ 6grenmeyi goriiniir kilmak olmalidir. Mevcut ¢alismada
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yukarida Adim 3’de belirlenen kazanimlar dogrultusunda asagidaki gibi bes tane basari kriteri (BK)
belirlenmigtir.

BK1: Ogrenci bulundugu bolgede karsilastig1 en az iki sorunu tespit edip, bu sorunlarm
gerekcelerini agiklayabiliyorsa,

BK2: Ogrenci sorun ile ilgili olarak yerel kaynaklar1 kullanan yaratici bir ¢dziim
Onerebiliyorsa,

BK3: Ogrenci belirledigi yerel sorunun c¢oziilmesinin toplum igin avantaj ve
dezavantajlarini tartisabiliyorsa,

BK4: Ogrenci belirledigi yerel sorunun ¢dziilmesinin toplumun gelisimine nasil bir
katkida bulunduguna dair en az iki gerekce gelistirebiliyorsa,

BKS: Belirlenen yerel soruna getirilen yaratici ¢oziimlere girisimcilik gesitlerinin nasil
bir katkida bulunduguna dair en az bir girisimcilik ¢esidini kullanarak agiklama yapabiliyorsa,

BK6: Belirlenen yerel soruna getirilen yaratici ¢oziimlere STEM egitiminin nasil bir
katkida bulunduguna dair en az iki STEM disiplinini kullanarak agiklama yapabiliyorsa, bu
Ogrenci basarili sayilacaktir.

Ogretme ve 6grenme siirecinde genellikle degerlendirme daha zayif kaldig1 igin bu kriterlerin
en basta belirlenmesi 6nem tasimaktadir. Burada BK1 K1 i¢in basarisini gosterirken, BK2 K2nin
basarisini, BK3 ve BK4 K3un basarisint BK5 K4un basarisini ve BK6 K5in basarisim1 goriilebilir
kilmay1 hedeflemektedir.

Adim 6 — Girigimci STEM etkinliginin planlanmasi

Burada 6grenme tasarimi igerisinde MTS se¢ilmis oldugu igin, bu siiregte izlenmesi gereken
adimlar dogrultusunda etkinlik planlamasi yapilir. Farkli aragtirmacilar mithendislik tasarim siireci ile
ilgili olarak farkli adimlar izlemektedir. Bu ¢alismada, diinya genelinde yaygin olarak kullanilan
Douglas, Moore ve Adams’ 1n (2016) izledigi adimlara 6ncelik verilmistir. Varolan bir sorunun ya da
eksikligin tespit edilerek bu duruma yaratici bir ¢dziim yolunun getirilmesi girisimcilik egitimi
kapsaminda da degerlendirilmektedir. Ancak girisimcilik kapsamina tam olarak dahil edilebilmesi i¢in
siire¢ kagit lizerinde diisiinsel bir tasarim olmaktan ¢ikarilmali ve konu ile ilgili bir adim atilmalidir.
Atilacak adim ve icerikte neye yer verildigi bu etkinligin inovatif, sosyal ya da finansal girisimcilik
oldugunu belirlemektedir. Ornegin, daha énce yapilmamis bir prototipin bilimsel bir temelle ortaya
konulmast inovatif girisimcilik kullanildigim1 gosterirken, elde edilen bilgi birikiminin ve bulgularm
konunun hedefi olan grupla sosyal sorumluluk etkinligi ya da projesi olarak paylagilmasi sosyal
girisimcilik kullanildigini ve elde edilen birikim ve bulgular temelinde kar amaci giiden bir olusumda
bulunulmas1 finansal girigsimeilik kullanildigim gdstermektedir.

e Problemi tammlama: Ogrenciler ilk olarak kiitiiphane, dijital ortamlar gibi farkli yerlerde
arastirma yaparak ya da aileleriyle, arkadaslariyla veya gevrelerindeki bireylerle goriisiip giinliik
ne gibi sorunlarla karsilastiklarini belirleyerek hedef alacaklar1 probleme karar verirler.

e Problem hakkinda bilgi edinme: Ogrenciler farkli kaynaklari kullanarak problemin neden
kaynaklandigi ve nasil ¢oziilebilecegi konusunda bilgi edinmeye ¢aligir. Burada konu ile ilgili
daha 6nce bir ¢oziim yolu bulunmus mu arastirilir. Daha 6nce bulunan bir ¢6ziim yolu varsa
bunun neden etkili olmadig1 analiz edilir. Buna bagli olarak ya var olan ¢6ziim yolunun
giincellenip gelistirilmesi ya da yeni bir ¢6ziim yolunun arasgtirilmasina karar verilir. STEM
disiplinlerinin bu ¢6ziim yolunu bulmada nasil bir rol oynayacagi ve ne gibi materyaller
gerekecegi de yine arastirilmasi ve tartigilmasi gereken konular arasinda yer alir.

e Coziim yolunun planlanmasi: Bu evrede basariya ulagmak i¢in saglanmasi gereken kriterler
ve sinirliliklar gozden gecirilerek problemin yaratici bir sekilde ¢oziilebilmesi igin farkl: fikirler
ortaya konulur. Bu fikirlerden uygulanabilir olanlar secilerek uygulama yapilmasi i¢in gereken
hazirliklara baglanir. Bu sirada STEM disiplinlerinin hangi asamada nasil kullanilacagina da
karar verilir. Siire¢ boyunca gerekli olan materyaller, ¢6ziim yolu taslaklar, siiregte izlenmesi
gereken adimlar, gerekiyorsa maliyet hesaplamasi ve bunun gibi gerekli goriilen bilgiler
planlanir.
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e Coziim yolunun uygulanmasi: Planlamasi yapilan ¢dziim yollart uygulamaya konulur.
Uygulama esnasinda karsilagilabilecek riskler gbz oniine alinarak uygulamanin en iyi sekilde
yapilmast hedeflenir. Planlamada ortaya konulan materyaller kullanilarak, ¢6ziim yolu taslaklari
ve siiregte izlenmesi gereken adimlar izlenerek, varsa maliyet gelir ve giderleri kontrol altinda
tutularak ve bunun gibi gerekli goriilen bilgiler takip edilerek uygulama gergeklestirilir. Eger
bir prototip planlamasi yapildiysa prototip bu evrede gelistirilir ve ¢alisip calismadigina bakilir.
Planlamada belirlenen STEM disiplinlerinin 6ngoriildiigii gibi kullanilip kullanilmadigi,
kullanilmadiysa nedenleri, uygulamada eklenen ya da ¢ikarilan STEM disiplini olup olmadig1
ve olduysa nedenleri tartisilirak Ogrencilerin STEM disiplinlerinin uygulamada nasil
kullanildigini igsellestirmesi hedeflenir. Ogrencilere aym zamanda girisimcilik bilgisi,
becerileri ya da tiirlerinden herhangi birini uygulamada kullanip kullanmadiklar1 uygulama
stireci igerisinde sorulur. Bu sekilde 6grencilerin girisimciligi uygulamada nasil kullanildigini
igsellestirmesi hedeflenir.

e Coziim yolunun test edilmesi: Uygulanan ¢6ziim yollarinin etkililigi burada arastirilir. Bunun
icin var olan rubrikler kullanilabilir ya da amaca gore yeni rubrik hazirlanabilir. Bunun disinda
uygun bagka yontemler varsa uygulanabilir. Rubriklerden elde edilen sonuglara gore en basaril
olan ¢6ztiim yolu belirlenir. Bu ¢dziim yolunda nelerin yolunda gittigi ve ne gibi konularda
giigliiklerle karsilagildig1 belirlenir.

e Coziim yolunun yeterligine karar verilmesi: Calismanin basinda karar verilmis olan kriterlere
bakarak ve test sonuglart g6z Oniinde bulunarak ¢oziim yolunun yeterliligine karar verilir.
Uygulanan ¢dzlimlerin sorunun ¢oziilmesine katkida bulunup bulunmadigina ve ¢oziimlerin
uygulanmasi ile ilgili giicliikler bulunup bulunmadigina bakilir. Bunlardan yola ¢ikilarak eger
¢Oziim basartya ulagmigsa ¢0ziim yolunun yayginlastirilmasi icin adimlar atilabilir. Eger
basartya ulagmamissa sorunlarin nasil ¢dziilebilecegine ve ¢Oziim yolunun nasil
iyilestirilebilecegine dair tartigma yapilarak ¢oziim yolu tekrar planlanir, uygulanir ve test edilir.
Bu siireg etkili bir ¢6ziim yolu bulunup, problem durumu ortadan kaldirilana kadar devam eder.
Burada biitlin STEM disiplinlerine ve girisimcilige dair icerik/konu bilgi verilmesi girisimci

STEM egitiminin uygulandigi anlamma gelmemektedir. Onemli olan sey girisimci STEM
yetkinliklerinin, Ogretim ilkelerinin ve uygulamanin etkili bir sekilde Ogrenciler tarafindan
yiiriitiilebilmesi, 6grencilerin kendi 6grenmelerinin sorumlulugunu alarak durumu analiz edebilmesi ve
Ogrencilerin uygulama silirecine girisimcilik ve STEM’in nasil entegre edildigini fark edip
aciklayabilmesidir. Buna ek olarak yaygin olarak yanlis bir sekilde kullanilan ve g6z Oniinde
bulundurulmasi gereken bagka bir durum da girisimciligin ortaya ¢ikmasi i¢in dgrencilerin bir sey
pazarlamalarina, isyeri kurmalarina ya da kar elde etmelerine gerek olmamasidir. Daha 6nce de
vurgulandigi gibi bu tiir girigimcilik finansal girigimcilik olarak adlandirilirken bagka girisimcilik tiirleri
de kullanilabilir.

Adim 7 — Girisimci STEM etkinligine dijital bicimlendirici degerlendirmenin entegre edilmesi

Bu adimda, Sekil 2’de sunulan Dijital Bigimlendirici Degerlendirme Bilimsel Cercevesi temel
alarak Adim 6’ da 6nerilen etkinlik detaylandirilmigtir. Bigimlendirici degerlendirme stratejileri ve bu
stratejiler dogrultusunda igerige dijital teknolojilerin uygulanma sekilleri agiklanmistir. Burada ilk bes
adim aynen alinir. Sonrasinda dersin baslangicindan itibaren dijital bi¢imlendirici degerlendirme altinci
adima eklenerek derse entegrasyonu gercgeklestirilir. Bes big¢imlendirici degerlendirme stratejisi,
teknolojinin ¢ islevi araciligiyla altinci adimla birlestirilerek uygulanmaktadir. Bu entegrasyon igin
Sekil 2’de yer alan bi¢imlendirici degerlendirme stratejileri dogrultusunda, bir ders 6rnegi dort ana grup
(1A/1B/1C, 2A/2B/2C, 3A/3B/3C ve 4A/4B/4AC) olarak asagida sunulmustur. Burada, tiim
bi¢imlendirici degerlendirme stratejileri ve bunlarin teknoloji araciligiyla bir ders planina entegrasyonu
aciklanmig ve Orneklenmistir. Miihendislik tasarim siireci ve teknolojinin uygun kullanimi ve
uygulamast ders planinda benimsenmis ve sunulmustur.

1A/1B/1C: Dersin en baginda birinci bigimlendirici degerlendirme stratejisi olan &grenme
niyetlerini (kazanimlarini) ve basar1 kriterlerini netlestirme/paylasma ve anlama teknolojinin
isleme/analiz etme ve etkilesimli ortamlar islevleri kullanilarak uygulanir. Bu kapsamda, dersin baginda
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derse iligkin 6grenme kazanimlari Google dokiimanlari iizerinden 6grencilerle paylasilir. Burada tahtaya
yansitma yapilmasi gosterme islevine girmektedir ve bu islev kullanilmamistir. Bu paylasimla
Ogrencilerin derste ne yapilacagina dair farkindaligimnin artirilarak istedikleri zaman bu kazanimlara
ulagabilmelerini saglamak hedeflenmektedir. Bu paylasimin sonrasinda egitimei kisi Poll
Everywhere’de de kazanimlar1 paylasarak, ogrencilerin bu kazanimlari gdzden gec¢irmelerini ve
ogrenme ciktilarinin kendileri i¢in ne kadar zorlayici olacagim diisiindiiklerine dair bu uygulamada
puanlama yapmalarini ister. Poll Everwhere’de elde edilen sonuglara gore ¢cok kolay ya da ¢ok zor olan,
acik/anlasilir olmayan, ya da baska zorluklar tagiyan kazanimlar belirlenir. Egitici kisi, paylasilan
Google dokiimani araciligiyla 6grencilerle birlikte bu kazanimlar {izerinde ¢aligir, gerekli diizenlemeleri
yapar ve her bir kazanim i¢in en az bir tane basar1 kriteri olusturur. Bu sekilde, ilk bigimlendirici
degerlendirme stratejisi etkilesimli bir ortama entegre edilmis olur.

2A/2B/2C: Kazanimlar ve basar kriterleri ile ilgili gerekli ¢alisma yapildiktan sonra, ikinci
bigimlendirici degerlendirme stratejisi olan etkili sinif tartismalari, soru-cevap etkinlikleri ve 6grenme
gorevleri tasarlanir ve teknolojinin gonderme/goriintiileme, isleme/analiz etme ve etkilesimli ortamlar
islevleri kullanilarak derse entegre edilir. Bu kisim bu ¢aligmada MTSde yer alan problemi tanimlama
evresine entegre edilmistir. Burada, gonderme/goriintiileme kapsaminda, dersten bir giin Once,
Ogrencilerin toplumun giinliikk sorunlar1 hakkinda diisiinmelerini saglamak i¢in kamusal sorunlarla ilgili
baz1 gazete haberleri 6grencilere online platformlar araciigtyla gonderilir. Ogrencilerden bu haberleri
incelemeleri ve sonrasinda kendi aragtirmalarint yapip yerel halkin karsi karsiya oldugu bir problem
durumu belirleyerek smifa gelmeleri istenir. Ogrenciler derse geldiklerinde 3 ile 5 kisi arasinda olmak
tizere smnif mevcuduna goére gruplara ayrilirlar. Her grup bir araya gelerek birbirlerine belirledikleri
problem durumunu agiklarlar. Sonra, egitimci kisinin 6nceden diizenlemis oldugu bir Padlet'te grupta
yer alan problemlerin her biri i¢in bu yerel sorunu ¢ézmenin en az bir avantajini, bir dezavantajini ve
toplumun gelisimine nasil bir katkida bulunacagini yazarak analiz ederler. Padlet’te yer alan alanlar
tamamlandiktan sonra dgrenciler kendi gruplari igerisinde tartigma ylriitiip analizler yaparak grup
olarak yonelecekleri bir probleme karar verirler. Eger yeterli zaman kalmamissa, etkilesimli ortamlardan
WhatsApp araciligiyla 6grenciler kendi gruplarint olusturarak (egitimci de gruba alinir) analizlerini
tamamlayip probleme karar verebilir.

Sonrasinda, MTSde yer alan problem hakkinda bilgi edinme kapsaminda, 6grenciler ¢cézmeye
odaklanmaya karar verdikleri problemin tarihgesi ve bu konuda simdiye kadar neler yapildigi hakkinda
arastirma yapar. Daha 6nce bulunan bir ¢6ziim yolu varsa bunun neden etkili olmadig1 analiz edilir.
Ogrenciler, elde ettikleri bulgular dogrultusunda var olan ¢dziim yolunun giincellenip gelistirilmesine
ya da yeni bir ¢dziim yolunun arastirilmasina karar verir. Ogrenciler bir e-portfolio olusturarak elde
ettikleri bilgileri bu portfolioda toplar. Bu bilgileri arkadaslartyla analiz edip tartisarak birbirinden farkl
ve yaratic1 ¢dziim yollar1 dnerirler. Ogrenciler, girisimciligin ve STEM disiplinlerinin bu ¢dziim yolunu
bulmada nasil bir rol oynayacagini ve ne gibi materyaller kullanacaklarin1 da arastirip yine ayni e-
portfolio igerisinde bulgularini toplayip tartisirlar. Bu tartisma sonrasinda artik MTS’ de yer alan ¢6ziim
yolunun planlanmasi evresine gegilebilir. Ogrenciler yeni, yaratici bir yol bularak ya da mevcut segenegi
yaratici bir yaklagimla daha da gelistirerek belirlenen yerel sorunun iistesinden gelebilmek igin farkl
¢dziimler planlamaya baslarlar. Yine bu planlar e-portfolio icerisine kaydedilir. Ogrenciler etkilesimli
ortam olarak kullanilan WhatsApp gruplarmmda sorunun olas1 ¢éztimlerini tartisir. Bir sonraki MTS
evresi olan ¢6zliim yolunun uygulanmasi asamasina gegen 6grenciler, karar verip planladiklart ¢6ziim
yollarin1 uygulamaya koyup, bu uygulamalar1 kapsayan bir video olusturur ve paylagirlar. Bu video,
sorunu ¢dzmek i¢in gelistirdikleri bir prototipi veya sorunu nasil ¢dzeceklerini temsil eden bir ortami
gostermektedir. Video ayni zamanda Ogrencilerin soruna bir ¢oziim getirirken karsilasabilecekleri
potansiyel riskleri de yansitmaktadir.

3A/3B/3C: MTS’de ¢dziim yolunun test edilmesi evresine gelen 6grenciler uygulanan ¢oziim
yollarinin etkililigi anlamak i¢in ne gibi yontemler kullanabileceklerini ve konuya odaklanan bir
rubrigin varhigin arastirirlar. Bu evrede egitimci kisiler de 6grencilere nereye bakmalari ve ne yapmalari
gerektigi konusunda yonlendirmede bulunur. Eger hazir bir rubrik bulunursa bu rubrik kullanilabilir,
eger bulunamazsa yine egitimci kisinin destegiyle amaca goére yeni rubrik hazirlanabilir. Bunun diginda
uygun baska yontemler varsa uygulanabilir. Ogrenciler elde ettikleri sonuclar1 egitimci kisileri ve
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arkadaglartyla paylasirlar. Burada ti¢iincii bi¢imlendirici degerlendirme stratejisi olan 6grencileri ileriye
tagiyan geri bildirim saglama teknolojinin gonderme/goriintilleme ve etkilesimli ortam islevleri
kullanilarak derse entegre edilir. Gonderme/gdriintilleme kapsaminda, her grup, egitimcilerinden e-
posta yoluyla kisisellestirilmis geri bildirimle birlikte 3 dakikalik bir MP3 kaydi alir. Teknolojiyi
etkilesimli bir ortama entegre etme kapsaminda ise egitimci kisi her grup icin bir Zoom toplantisi
diizenleyerek Ogrencilerin sorularini yanitlar ve ¢oziim yollarinin avantajlarin1 ve dezavantajlarini
ogrencilerle tartisir. Zoom gorligmesi sirasinda bu ¢6ziim yolu uygulanirken nelerin yolunda gittigi ve
ne gibi konularda giicliiklerle karsilasildig1 da tartisilan konular arasinda yer alir.

4A/AB/AC: MTS’ nin ¢6ziim yolunun yeterliligine karar verilmesi evresi burada
gergeklestirilmistir. Dordiincli ve besinci bigimlendirici degerlendirme stratejileri olan akran ve 6z
degerlendirme, teknolojinin isleme/analiz etme ve etkilesimli ortam islevleri kullanilarak bu evreye
entegre edilmistir. Ogrencilerin birbirleri igin 6grenme kaynaklari olmasi ve kendi 6grenmelerinin
sahipleri olarak aktif hale gelmesi amaglanmistir. Isleme/analiz kapsaminda, 6grenciler birbirlerinin
videolarini izlerler ve arkadaslarinin videolarinin kalitesini dersin basinda tartisilan basar1 kriterlerine
gore degerlendirirler. Teknolojiyi etkilesimli bir ortama entegre etmek kapsaminda ise, dgrenciler
saglanan geri bildirimleri inceler ve WhatsApp gruplarinda ¢6ziimlerinin giiclii ve zayif yanlarini ve
¢Oziim yollarinin nasil daha fazla gelistirebileceklerini tartigirlar. Bu sekilde, ¢alismanin basinda karar
verilmis olan kriterlere ve test sonucglarina bakarak, egitimci doniitleri, akran ve 6z degerlendirme
sonuglar1 g6z oniinde bulundurularak ¢oziim yolunun yeterliligine karar verilir. Eger ¢6ziim basariya
ulagmissa ¢oziim yolunun yayginlastirilmasi i¢in adimlar atilirken, basartya ulasmamissa sorunlarin
nasil ¢oziilebilecegine ve ¢oziim yolunun nasil iyilestirilebilecegine dair tartisma yapilarak ¢6ziim yolu
tekrar planlanir, uygulanir ve test edilir. Bu siire¢ etkili bir ¢éziim yolu bulunup, problem durumu
ortadan kaldirilana kadar devam eder.

Tartisma, Sonuc ve Oneriler

Bu caligma, egitimcileri dijital bigimlendirici degerlendirme, girisimci STEM egitimi ve
bunlarin ders planlarina entegrasyonu hakkinda bilgilendirmeyi amaglamistir. Mevcut calismada
sistematik olmayan literatiir taramasi kullanilmistir. Gelecekte yapilacak ¢aligsmalarda meta sentez
kullanilarak farkli degiskenlerin etkililigine bakilmas1 6nerilebilir. Bu ¢alismada gelistirilen ders plant,
farkli dijital araglar ve 6grenme ortamlar araciligtyla bigimlendirici degerlendirme kullanarak girisimci
STEM egitimi baglaminda Ogrencilerin gelisimini desteklemeyi hedeflemistir. Ders planlart
gelistirilirken degerlendirme, 6gretme ve 6grenme siirecinin ayrilmaz bir parcasi olarak kabul edilmistir.

Disiplinler arasi konular, 6zellikle girisimcilik STEM egitimi, i¢in etkili bir dijital bigcimlendirici
degerlendirmenin planlanmasina yardimci olacak ¢esitli oneriler asagida 6zetlenmistir:

Bigimlendirici degerlendirme, 6grencinin ilerlemesini desteklemeyi amaglamalidir.

e Ogrenme ciktilar1 ve basari kriterleri 6grencilerin anlayabilecegi bir dille acik ve anlagilir bir
sekilde yazilmali, 6grenmeyi ve basarty1 goriiniir kilmay1 amaglamalidir.

o Eger girisimci STEM egitimi kapsaminda uygulama yapildiysa, kazanimlarda ve basari
kriterlerinde girisimciligin ve STEM egitiminin yerine vurgu yapilmalidir.

e Net bir 6grenme kazanimi (niyeti), 6grencilerin icerige oldugu kadar kendi 6grenimlerine de
odaklanmalarina yardimci olmalidir.

Her 6grenme kazaniminin en az bir bagar1 kriteri olmalidir.

e Bicimlendirici degerlendirme (bes stratejisi dahil), d6grencilerin tek basma caligmak yerine
birbirleriyle etkilesime girmelerinin yani sira, girisimcilik yoluyla yeni o6grenmeler
olusturmalar i¢in mevcut STEM fikirleri ve yeterlilikleri iizerine yenilerini ingsa etmelerine
yardime1 olmak i¢in kullanilmalidir.

e Ogretme ve dgrenme siireci, acil 6grenme ihtiyaclarini karsilayacak sekilde uyarlanmalidir.

Disiplinler arast konularda dijital bigimlendirici degerlendirmeyi uygulamak, isbirlikci,
etkilesimli ve yansitici etkinliklerle 6grenen katilimini ve basarisini artirma imkan1 saglayabilir (Baleni,
2015; Gikandi, Morrow, & Davis, 2011; McLaughlin & Yan, 2017; Petrovic, Pale & Jeren, 2017). Buna
ek olarak, bu tiir etkinlikler bi¢imlendirici degerlendirme stratejileri arasinda yer alan geri bildirim
sayesinde Ogrencilerin hatalarindan 6grenmesine yardimci olabilir (Barana & Marchisio, 2016) ve
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Ogrencilerin 0z diizenlemelerini gelistirmeye katki saglayabilir (McLaughlin & Yan, 2017). Genel
olarak, dijital bicimlendirici degerlendirmeyi kullanmak, bigimlendirici ve aninda geri bildirimin yam
sira 6z/akran degerlendirmesi i¢in imkanlar da saglayabilir (Baleni, 2015; Gikandi, Morrow, & Davis,
2011). Ayrica, bu degerlendirme ¢esidi 6grenmeyi gelistirmek i¢in yenilik¢i 6gretim ydntemlerinin
gelistirilmesine ve gézden gegirilmesine yardimci olabilir (Barana & Marchisio, 2016). Sonug olarak,
dijital bigimlendirici degerlendirmenin destegiyle esitlik¢i egitimi daha {ist diizeyde desteklenebilir
(Gikandi, Morrow, & Davis, 2011; Reynolds, O'Leary, Brown & Costello, 2020).

Girisimci STEM egitimi ise Ogrencilerin STEM'in giinlilk yasamda nerede ve nasil
kullanildigimi fark etmelerine yardimc olabilir (6rn., Pabugcu Akis & Demirer, 2023), bu da STEM
disiplinlerine ilgi ve motivasyonu artirabilir (Ugar, 2020). Ayrica girisimci STEM egitimi ile 6grenciler
21. yiizy1l beceri ve yeterlilikleri ile donatilmakta ve bunlar1 farkli baglamlarda uygulayarak giindelik
sorunlara ¢oziim tiretmektedirler (Deveci & Cepni, 2014; Jang, 2016; Kaya-Capocci & Ugar, 2023).
Girisimci STEM bakis acgisinin gelistirilmesiyle, dgrencilerin yeni firsatlarin varligi konusundaki
farkindalig1 artirilabilir ve bu farkindalik onlarin gelecekte yeni is olanaklar1 ortaya ¢ikarmalarina ve
kariyerlerinde ilerlemelerine yardimer olabilir (Alvarez & Barney, 2007; Kaya vd., 2018). Tiim bunlar,
ogrencilerin potansiyellerinin tamamini ortaya koyabilmelerine yardimci olabilir (Volkman vd., 2009).
Girisimci STEM bakis agisina sahip vatandaglar yetistirmek, iilkelerin sosyal, bilimsel, ekonomik ve
¢evresel kalkinmasina da katkida bulunabilir.

Tiim bunlardan yola ¢ikarak 6gretmen adaylar1 ve egitimciler giiniimiiz kiiresel, teknolojik ve
yenilik¢i diinyasinda geri kalmamak, bu yeni diinyaya uyum saglamak ve saglatmak igin girisimci
STEM egitimi ve dijital bicimlendirici degerlendirme konusunda gerekli bilgi, beceri ve tutuma sahip
olarak yetistirilmelidir. Buna ek olarak, 6gretmen adaylarimiz ve egitimcilerimiz kavramsallagtirilmast,
planlamast ve uygulamasi konusunda yeterli donanima sahip olmasi igin gerekenler yapilmali, bu
alanlardaki ¢aligmalar artirilmalidir.
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Introduction

Since the beginnings of modern science for decides, teachers and educators focus on linking
academic science with real life of students. For approaching this goal mandatory scientific knowldege
of the curriculum to embed circumstances of daily life (Hurd, 1998). The education policy makers
consider to arise scientifically literate students as effective citizenships of the community considering
21% century skills. Dewey (1904) asserts that the importance of inquiry-based practices and experimental
learning methods when growing up scientifically literate students. He (1910) also emphasizes
insufficient implementations of instructions between science fact/law and ready-made knowledge
instead of inquiry-based methods. This perspective requires revolutionary changes in science education
and its practices (Hurd, 1975). Revised science standards have shifted scientific literacy (SL) to the
center of science education (Keskin et. al, 2016).

The meaning of the SL has recently been further developed and expanded by educators. The
vision of science education has been redefined by the National Science Education Standards (NSES) in
relation to SL. Revised standards for science education emphasize the strong relationship between
scientifically literate students and the society (NRC, 1996). American Association for the Advancement
of Science (AAAS, 1996) stated that SL is not only a requirement for individuals pursuing scientific
careers, but also necessary for individuals living in the community. SL refers comprehension of science
with its applications in citizenship experiences (Bybee, 2016). Citizens should integrate science
knowledge into everyday life. They could successfully benefit from their SL through 21% century skills
of critical thinking, and problem-solving. This feature promotes the role of the individual as a practical
and effective member of society.

Science and society have been discussed under the heading of “science for citizenship” (Kolstg,
2001). The understanding of a democratic society is based on the active participation of citizens from
all parts of society in the informed decision-making process. Laypersons should contribute their
perspective especially for socioscientific issues. SL is viewed aspect of the civic competence anticipated
for thinking rationally about science in the perspective of personal, social, political, financial affairs and
issues one could empowered regarding life (Hurd, 1998).

In today's world, where technology take crucial place, SL is increasingly in demand.
Understanding scientific concepts, applying scientific reasoning to real-world problems, and
communicating scientific information effectively are essential to navigate. Electricity is one of the most
important and widely used scientific concepts in modern society, and it is necessary to be scientifically
literate in order to understand and work effectively with it. The study aims to explore the importance of
SL in everyday life, specifically in the context of scientific concepts in electricity.

A position paper is structured around an arguable idea with an issue. The main purpose of a
position paper is to convince readers that your point of view is worth considering. In this position paper,
I examined the functional meaning of SL in order to show the relationship between SL and everyday
life. I discussed the practical role of scientifically literate citizens in the society from the knowledge of
electrical circuits science concept. The scope of the study is to show a comprehensible classification of
how knowledge of electrical circuits benefits the individual as a member of society. | argued the issue
in my position paper by organizing it into three main sections. These were daily life applications,
personal safety and economic dimension.

Scientifically Literate Citizens

People often ask: "Why do we need to know scientific principles and where will we use them in
everyday life? This prejudice and negative attitude towards science education results from scientific
illiteracy. Many students believe that science is a lecture and do not try to relate scientific knowledge to
their lives. In order to remove barriers to science, we should first clarify how we interpret science.
Relating scientific facts/laws to everyday life is the only way to make sense of the world around us.
Individuals should realize that scientific knowledge makes their lives easier from different perspectives.

The term of SL is based on this idea and is defined as functional knowledge of science for a
meaningful understanding of science education (DeBoer, 2006). SL doesn't mean having well-
acquainted science knowledge (Durant, 1994). It can be only measured when converting this knowledge
in order to explain facing situations. The content of SL encompasses different contexts; therefore, there
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iS no consensus among scientists and educators on how to construct satisfactory SL (Fensham, 2002;
Millar, 2006). National Science Foundation (NSF) considered scientific literacy in terms of
understanding the basic structure of disciplines and their method of inquiry six decades ago when
seeking to identify scientific literacy (Layton, 1973). Prewett (1983) linked scientifically literate people
with the term of savvy and commented that these are smart people who have the skills and understanding
that lead to success in otherwise confusing and intimidating situations. In this respect, scientific literacy
can be defined as a basic ability to survive in a scientifically and technologically highly developed
society. Boulding and Senesh (1983) explained science literacy as structuring the ability to use
scientific/technological knowledge. Roberts (2007) describe scientific literacy as understanding
scientific knowledge and practices in a broad range of personal and social issues instead of promoting
to prescribe the conceptual knowledge and practices. One of these contexts is the relationship between
scientific knowledge and social life. SL aims at improving the public's understanding of science (Durant,
1993). There is a strong relationship between science and society (Hurd, 1958; Matthews, 1994). SL
enables us to understand phenomena we encounter in our daily lives and to make informed decisions
about public issues involving science and technology (Brennan, 1992).

However, there is a significant gap between the teaching of science and citizens' expectations
of science in everyday life (Hurd, 1998). Students need SL not only for academic science, but also for
solving problems and making science-based decisions as citizens. SL means understanding how
scientific knowledge works in real life. Therefore, contrary to popular belief, SL is a skill that not only
scientists but also lay people should have (Durant, 1994). Hurd (1998) argued that SL affects everyone's
lives and shapes their social choices as users of knowledge. According to the National Science Education
Standards (NSES), SL in the science curriculum means that learners should select, organize, and use
scientific knowledge for productive lives (NRC, 1996).

Pella (1967) examined the definition of SL by reviewing 100 publications on science education.
The results show that many science educators refer to the interaction between science and society to
clarify SL (DeBoer, 1991). The NSES (NRC, 1996, p.22) states that SL provides skills for “personal
decision making, participation in urban and cultural affairs, and economic productivity.” The standards
indicate that students should be scientifically literate citizens. They should be able to identify local and
national issues and make decisions about scientific and technological aspects. Thomas and Durant
(1987) asserted scientifically literate members develop science and technology related equipped society.
This provides efficient daily life. For example, scientifically literate citizens make better decisions about
diet, health care, consumer choices and safety. Understanding of SL also helps to provide economic
development and national security (Lui, 2009).

Accordingly, key components of SL are the understanding of science content knowledge and its
application in daily life, and the implementation of scientific knowledge in problem solving through
analytical reasoning skills (Norris and Phillips, 2003, Cepni et al., 2006). SL becomes more important
when considering the functional dimension of science that contributes to the quality of daily life, which
is increasing day by day (Derman, 2014).

Electrical Circuits: An Application of Energy

Electricity is a fundamental phenomenon in physics that studies the flow of electrical charge
through materials. It is the driving force behind many modern technologies and is used to power
everything from homes to transport systems. Understanding the basic principles of electricity, such as
circuits, voltage and current, is essential to using electricity safely and efficiently. An electrical circuit
is a current-based application of electricity, which is one of the types of energy in physics. Many
common electronic devices are based on electrical circuits. Therefore, it is necessary to understand how
electrical circuits work in everyday life. The concept of electric circuits is first introduced to K-8 students
in primary school. According to the simple model of electrical circuits, students are expected to gain
everyday view of electricity and electric current, including (Leach & Scott, 2002, p.132):

= Batteries run out;

= Electricity makes things work;

= Current, electricity, volts, power are the same kind of thing;
= Electricity and electric current flow.
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The learning objectives in the Next Generation Science Standards (NGSS, 2013) identify
scientific ideas related to energy through electric current and electrical circuits. This includes sufficiently
understanding and explaining how electrical circuits transfer electrical energy from sources such as
batteries to devices and why energy flows in a complete circuit. In addition, the standards require
students to describe which materials are conductors and which are insulators, and to compare or contrast
a series and parallel circuit (AAAS, 1993; NRC 2011; NGSS 2013). Electric current is also used to
transfer electrical energy in the form of motion, sound, heat, or light (NGSS, 2013).

This position paper addresses the main reasons why an understanding of electrical circuits with
the learning objectives should be considered important knowledge for all students as future citizens,
regardless of whether they plan to pursue higher education and/or careers in the application of physics
and science related fields. Each of the sections is illustrated with examples from everyday life electricity-
based situations in order to provide a better understanding of the relationship between sufficient SL and
being a practical member of society.

1. Daily Life Applications

Today, electricity has become an integral part of modern civilization. We benefit from it in many
ways to make our lives more comfortable and efficient. Although science and technology are changing
and improving rapidly, the basic knowledge of electrical circuits is still important to define and develop
many technological devices in the 21st century. Electricity is a common scientific phenomenon that can
be integrated into various situations in daily life (Sulsilah, Utari, and Saepuzaman, 2019). Citizens
should predict the working principle of electrical circuits as they benefit from electric current through
many electronic devices such as smartphone, tablet, laptop, television, coffee maker, heater, light bulb
and hair dryer. By gaining a basic knowledge of a simple electrical circuit loop, people will be able to
solve their everyday problems with electrical appliances.

For example, individuals are able to deeply figure out how an electric lamp glows and determine
what the problem is when they know that electric energy is associated with electric current and it can
only pass through a complete loop electric circuit (closed electric circuit). If the electric lamp does not
glow even though people turn on the light, they will be able to see that there is no electric current in the
circuit. In other words, there is a power cut in the apartment, maybe even in the whole street or avenue.
At the same time, they may be aware that the other electrical appliances in the house are working, so
they can conclude that the bulb must have burnt out. At this point, people know that replacing the light
bulb with a new one is necessary to solve the problem. They can recall the basic diagram of a simple
electric circuit and how it works. This will enable them to draw evidence-based conclusions. This may
be a simple example, but the concept of electrical circuit science helps in many similar circumstances
when faced with troubleshooting electrical problems.

A smartphone is one of the most well-known electronic devices that people own. Anyone with
a scientific understanding of the concept of electrical circuits knows that a smartphone needs to be
charged regularly. Unfortunately, illiterate people often charge their phones overnight. It probably only
takes a few hours to charge your phone to 100%. Or they continue to use their smartphones while they
are plugged in the socket outlet. The reality is that when your smartphone is fully charged, it stops
drawing electric current from the charger to protect the hardware which consist inside the phone. That
means even if you plug in your smartphone, the charger shuts off the juice. In case of you keep in charge
your smartphone during the night, the charger tries to keep the charge level at 100% to compensate for
the small amount of charge your phone naturally loses. As a result, your phone is constantly alternating
between a full charge and something less than a full charge. These trickle charges contribute to higher
ambient temperatures around your phone, which can reduce capacity over time. This process also applies
to charging your laptop or other battery- powered devices. A good understanding of how electrical
circuits work will help scientifically literate people overcome this potential problem. You can easily
find out that leaving a mobile phone plugged in for long periods of time will reduced the battery life of
the phone and avoid it (GO Concepts, n.d.).

On the other hand, individuals need more scientific knowledge regarding electrical circuits,
especially if they live in the area where the common forecast is expected to be scattered thunderstorms.
Lightning is likely to damage our electronics if we do not take precautions. Many electronic devices are
spoilt by the surge damage caused by lightning. The main cause of lightning damage is that lightning
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energy enters buildings through cables and pipes. Scientifically literate people deal with the possible
problems while using electronic devices, including surge protectors. Or they unplug the electronic
devices to provide an open circuit to escape the harmful effect of lightning damage.

To extend the examples, we can also talk about solar panels. Individuals are currently familiar
with the use of various types of solar panels in everyday life (heating water, lighting the house, charging
electronic devices, etc.). These panels basically work by absorbing energy from sunlight through
photovoltaic (PV) cells. An electric charge is generated by an internal electric field in the cells, causing
electricity to flow (Energy.Gov, n.d.). There is a common misconception about the efficiency of solar
panels. It's a common misconception that solar panels produce the most electricity in the summer
because they need warmer temperatures to work. Contrary to popular belief, warmer temperatures and
more intense sunshine are usually related. In fact, when solar panels become extremely hot or cold, they
become less effective (Good Energy, n.d.). At this point, it is very important to understand the working
principles of the PV panel to ensure better maintenance and maximum performance.

SL enables people to use electrical appliances more effectively. They seldom need maintenance,
repair for their appliances and this provides long life use of them. We could also relate this point to the
other section called the “Economic Dimension” in below.

2. Personal Safety

Individuals should understand the concept of electrical circuits to protect themselves from the
dangerous effects of electricity. Electrical current can cause electric shock, injury, or death if directly
exposed to a person. That’s why safety is an important consideration when working with electricity
whether it’s repairing or charging an electronic device, changing a lightbulb or after a car accident. To
ensure safety, two important scientific facts about electricity must be known. People should make sure
that there is current in the electrical circuit, that is, they should check whether the circuit is open or
closed. However, people should have knowledge of the properties of conductor-insulator materials. At
this point, knowing about the origin of electrical circuits offers many benefits on how we can protect
ourselves and others from electric shock.

A solid understanding of electrical circuits enables you to recognize potential hazards and take
precautions to prevent electric shocks. Knowing about grounding and what it means can help ensure
electrical devices are properly grounded. This prevents surge voltage build-up and reduces the risk of
electric shock. For example, we can see that they are not electrocuted if we observe birds standing on
high voltage power lines. On the other hand, if the wire breaks and falls to the ground, the birds standing
on the wire will be shocked (Susdarwati, Dimas and Hannum, 2021). In order to be able to predict this
situation resulting from the potential difference and act accordingly, a scientifically literate person is
required. To give another example, well-informed (scientifically literate) people are able to predict what
negative effects electricity might have on them. These people are able to prevent electrical injuries in
the event of an electric shock. Knowing that electricity flows in closed circuits, they know it is important
to disconnect from any work before turning off power at the fuse box. They are also able to distinguish
between conductors and indicators. They can easily understand that unlike insulators, conductors carry
electrons very easily. In the event of an electrical injury, they will not be associated with the person
receiving an electric shock from conductive materials. They know how best to use a dry, non-conductive
object such as cardboard, plastic, or wood to move the source away from them and the injured person.

Knowing electrical circuits can help you prevent overloads and electrical fires. If you find out
circuit breakers and fuses, you can use them effectively to protect circuits from overloads. When you
recognize that a circuit breaker has tripped, you can investigate and fix the cause before resetting the
circuit breaker. By the way, knowing the concept of electrical load will also help you distribute electrical
devices and appliances across different circuits to avoid overloading a single circuit. Overloaded
electrical circuits can cause overheating and thus fires. For example, natural disasters are a part of our
lives and earthquakes are one of them. Faced with this catastrophe, people need scientific knowledge.
After an earthquake, there may be stray voltages (i.e., the electrical circuits are broken) due to damaged
electrical wiring. In this situation, you should protect yourself from possible fires and explosions, if you
are inside a building. The best behavior is to turn off the power to stop the current flow when there is no
gas leak. A fire or an explosion can also occur after a car accident due to damaged electrical wiring.
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Scientifically literate people are able to understand such situations and act quickly. They will leave the
building or the crashed car immediately.

Understanding the scientific phonemon of electrical circuits improves your ability to use
electrical appliances safely. Knowing the relationship between voltage, current and resistance can help
you comprehend the power requirements of different appliances. This knowledge will help in selecting
the appropriate voltage levels and current ratings for different devices. Recognizing the differences
between series and parallel circuits also helps in safely arranging of electrical devices. For example,
understanding how lights are wired in a parallel circuit ensures that if one bulb fails, others will continue
to work.

3. Economic Dimension

For reasons of economy, individuals should learn the concept of electrical circuits. They are
members of society and must manage their own budget for their livelihood. Therefore, they prefer an
inexpensive use of their electronics. It can be difficult for scientifically illiterate people to convey their
scientific ideas about alternative energy applications of electrical circuits and how to save energy
(Adriyawati, Utomo, Rahmawati, and Mardiah, 2020). For example, scientifically literate people find
that using high voltage light bulbs increases electricity bills. These people prefer energy saving lamps.
They ditch traditional incandescent bulbs and opt for cost-saving options like halogen bulbs, compact
fluorescent lamps bulbs (CFLs) and light-emitting diodes (LEDSs). These types of light bulbs, unlike
traditional light bulbs emit less thermal energy when in use than traditional light bulbs. They offer the
same brightness even at lower wattages.

On the other hand, most electronic devices in household electronics can be run off the mains in
order to avoid energy losses. A typical example of a power loss problem is the television (TV).
Unfortunately, people leave TV on standby even when they are not watching anything. Electricians say
it is a waste of energy to leave an electrical appliance on standby. However, people who are familiar
with electrical circuits may find that the TV is still using energy because the electrical circuit is closed.
They prefer not to leave their electronic devices on standby and save money. Electronic devices still
consume energy in standby mode (Divya et al., 2017, Vasiliu, 2021). These devices contain electrical
circuits. As long as the device is connected with the plugg, this circuit consumes energy. Even when the
device is in standby, the circuit continues to consume energy. Studies show that leaving electronic
devices on standby in an average residential building results in energy loss of up to 34% over the course
of a year (Vasiliu, 2021). The energy consumption of electronic devices in standby mode consists
exclusively of electrical energy, which accounts for 3% to 10% of consumption according to global
studies (Meier, 2002).

Looking at another example, individuals who are scientifically illiterate may have
misconceptions about estimating circuit connection type (Kiiclikozer & Kocakiilah, 2007). This can
lead to waste of energy by electricity. Battery life is longer in series-connected circuits than in parallel-
connected circuits for the same battery or generator. For this reason, light bulbs that are powered by a
battery must be connected in series for a longer burn time. The idea that the brightness will increase as
the number of lamps increases or that the brightness will remain the same no matter how many lamps
we add will lead to a possible misconception. At this point, the type of circuit is important and this
mentioned situation is not possible in a series connected circuit. In series circuits, the brightness
decreases as the number of lamps increases without the battery having to be replaced. As long as the
number of batteries or generator remains the same, the brightness of the lamp will not change as the
number of bulbs increases in connected parallel circuits. When we intend to light up a space, be it a
home environment, an event hall or a campsite, the type of lamp connection (series or parallel) we have
mentioned will determine whether the electricity we consume in the activity we carry out is economical
or not.

A typical electronic circuit consists of various electronic components as resistors, transistors,
and capacitors connected by conductive wires that allow electrical current to flow. Scientifically literate
person has this knowledge in contrast to a scientifically illiterate person. The electricity that comes into
our house is 220V. Many of the electrical devices we use in our homes do not use 220V directly, they
use this voltage by reducing it with the help of a transformer at their inputs. These transformers can be
found in the adapters of mobile phones, in the inside of televisions and at the entrances of computer
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cases. These devices, whose main task is to reduce the alternating current (AC) voltage of 220V to low
direct current (DC) voltages such as 24V, 12V, 5V, are given different names such as adapters and
power supplies. Every electronic device we use in the 21st century contains a transformer, large or small
(or hardware that does the same). Any device with a transformer, whether it is in use or not, continues
to use electricity as long as it is plugged in. The current coming from the socket is continuous and is not
interrupted unless you turn off the switch. This current, and therefore the power required by the device,
must eventually decrease. To reduce this, the transformer is in continuous operation and will consume
power (Oktay et al., 2022). Examples include mobile phone chargers, digital satellite receivers, smart
TVs, PCs and laptops, and appliances that contain digital clocks (such as microwave ovens). We can
expand the suggestions such as using a triple socket adapter. Some versions of this adapter have an
on/off switch to conserve power when not in use.

Frequent use of your smartphone while it is charging can also cause the lithium-ion battery to
drain faster than its normal rate. This is because the battery heats up both when you use and charge your
phone. Doing both at the same time heats up the batter and puts a lot of strain on it. If you do this
implementation regularly, it can lead to a compromised battery performance and reduced capacity to
retain a full charge. This will cause the battery life of your smartphone to run out sooner than expected
and you will need to buy a new battery or smartphone. It will definitely be a situation that we don't desire
and is uneconomical.

Many people express that they leave electronic devices plugged into the socket (Oktay, 2022).
This situation increases of the energy consumption of the household (Reaves, 2014; Streimikiene &
Vveinhardt, 2015). A charger left plugged in continues to use electricity whether or not there is an
electronic device connected to it. This not only increases the electricity bill (to a very small amount) but
also shortens the life of your electronic device. However, looking at the household, every household has
5 to 10 chargers for various electronic devices. If we generalize this situation, we can talk about a great
loss of energy throughout the country.

Discussion, Conclusion and Suggestions

This position paper exhibits people with SL skills will be able to use their knowledge to identify
the electricity based situations. Overall, SL provides citizens with the knowledge and skills needed to
navigate the complex world of electricity and make informed decisions about troubleshooting electrical
problems. Through awareness of the three headings handled relevant to knowing electrical circuits, it is
expected individuals will be able to determine better comprehension how SL is essential to increase the
quality of their lives. One can argue at what point in our lives scientific knowledge of electrical circuits
is more effective. However, it is evident that this knowledge has a more or less positive influence on our
choices and behaviors in every moment of daily life. The examples given in the study may seem quite
simple from a scientific point of view, but they relate to situations that each individual is familiar with
from everyday life. It shows how a basic knowledge of electrical circuits can have a major impact on
our lives as citizens.

It is necessary for individuals to have sufficient scientific knowledge to understand the
applications of electrical circuits in daily life. If students (as future members of society) successfully
learn the concept of electrical circuits, they can simplify their lives by using many electrical devices
safely, conveniently, and sufficiently. By gaining the perspective of basic SL, students can realize that
it provides to live and act in a socity with reasonable comfort and confidence. They could break free
from prejudices about why science is necessary and how they benefit from scientific knowledge
throughout their lives. This awareness could motivate them to learn scientific concepts in a meaningful
way and to integrate them into their everyday decisions. Therefore, as teachers or educators, we should
give more examples of the application of scientific knowledge and give students the opportunity to relate
their knowledge to everyday experiences. This is the only way to eliminate negative student attitudes
towards science learning. In this way, we can welcome more productive and critically thinking people
into society.

As an objection of this view, some educators argue that SL presents potential challenges (Hand
et al., 2003; Klein, 2006). According to this argument, SL encompasses all activities associated with
constructing, learning, and applying science. Therefore, the formation of scientific competence should
include a variety of factors. Science literacy mainly sense related with enhanced comprehending the big
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ideas of science and fuller participation in the public debate about science, technology, society, and
environment issues. Unfortunately, at this point beliefs and cognitive perceptions of the people effect
on their scientific literacy construction and it is difficult to come to a consensus.

It is claimed that scientifically sophisticated citizens are able to effectively negotiate their
decisions in social world (Thomas and Durant, 1987). By providing this perspective, learners are also
encouraged to improve their 21st century skills, such as scientific reasoning and problem-solving in their
daily life experiences. SL fosters the individual’s ability to think critically, which is a touchstone of 21st
century skills. Sharon and Baram-Tsabari (2020) also refer to the same idea by emphasizing the concept
of being open-minded to the implementation of SL. In their study Fortus et al. (2022) highlights
development of SL stimulates students to foster an understanding of the nature of science through a core
knowledge of scientific concepts with evidence-based reasoning as a lifelong science learner.

We can expand on the everyday examples related to electrical energy. The main thing here is to
successfully transfer the basic information about electricity to the situations that we are faced with and
draw conclusions from them. Adriyawati et al. (2020) indicate the importance of SL aspect of electricity
as an alternative energy to enhance higher-order thinking skills of students. Susdarwati et al. (2021)
have similarly highlighted the fundamental role of a scientific literacy-based learning model related to
electrical circuits to develop higher order thinking skills which refer analyzing, evaluating, and creating.

Understanding the working principles of all the electronic devices around us is helpful for a
better connection between SL and electricity scientific phenomenon. Not only for electrical circuits, but
also for the transfer of other scientific phenomena to everyday situations, it is important to comprehend
how it works. At this point, it would be wrong to limit it to physics-based science concepts. We can
apply this to any discipline in science education. For example, the reason for using lemon powder to
polish the kettle in chemistry. Minerals such as calcium and magnesium in tap water dry out and leave
white traces (lime). Since lime has an alkaline feature, citric acid, which is acidic, neutralizes it,
softening it and making it easier to remove. Calcium salts are formed when basic lime is reacted
chemically with acidic citric acid. These salts are easily removed from the surface of the teapot by
washing. This process not only prolongs the life of the teapot and provides economy (see 3. Economic
Dimesion), but also protects our health (see 2. Personal Safety) by preventing the lime in the teapot from
entering our body (calcium accumulating in the body causes kidney stone formation).
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Fen Okuryazar: Vatandas Olmanin 21. Yiizyilda Giinliik Yasama Etkisi:

Elektrik Devreleri Ornegi

Selcuk SAHINGOZ!

Ozet

Anahtar Kelimeler

Alan yazinda bir¢ok ¢alisma fen okuryazarligini sadece fen icerik bilgisini dikkate
alarak degerlendirmektedir. Ancak, fen okuryazarliginin temel amact bireyleri
bilingli kararlar alma ve giderek daha karmagik ve teknoloji odakli bir hale gelen
diinyada anlamli bir sekilde yasama konusunda gii¢lendirmektir. 21. yy. becerileri
ile fenin gilinliik yagsamdaki uygulamalarin1 anlamak daha da 6nemli hale gelmistir.
Ogrencilerin probleme dayal: elestirel diisiinme becerilerini uygulamak igin fen
disiplininin temel fikirlerini giinliikk yasam durumlariyla iligkilendirmeleri
gerekmektedir. Diinya genelinde fen miifredati, fen okuryazari ogrencileri
gelecegin toplum iiyeleri olarak yetistirmeyi g6z Oniinde bulundurmaktadir.
Burada soru, fen okuryazarligiin uygulanmasinin vatandaslarin giinliik yagamini
nasil sekillendirdigidir. Bu ¢alisma, farkli bakis agilarini agikliga kavusturarak bu
soruyu cevaplamayr amaglamaktadir. Fen okuryazarliginin bireylerin giinliik
yasamini nasil yonlendirdigini anlamak igin elektrik devreleri fen konusu
incelenmistir. Konuyla ilgili olarak ii¢ ana bdliim tartisilmistir. Bunlar; giinliik
yasam uygulamalari, kisisel giivenlik ve ekonomik boyut basliklar1 altinda
toplanmistir. Bu goriis ¢alismasi fen okuryazarliginin bireyleri bilingli ve etkili
vatandaglara doniistiirmede 6nemli bir rol oynadigmnin altin1 ¢izmektedir. Elektrik
devreleri olgusu bakimindan fen okuryazari olan bireylerin rahathik v giiven
saglamasi sebebiyle daha iyi bir yasam kalitesine sahip olduklar1 sonucuna
varilmistir.
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Giris

Modern bilimin baslangicindan bu yana, Ogretmenler ve egitimciler akademik bilimi
Ogrencilerin gercek yasamiyla iliskilendirmeye odaklanmislardir. Bu hedefe ulagsmak igin miifredatta
yer alan bilimsel bilginin giinliik yasam kosullartyla biitlinlestirilmesi zorunludur (Hurd, 1998). Egitim
politikalarin1 belirleyenler, 21. yiizy1l becerilerini géz dniinde bulundurarak toplumun etkin vatandaslari
olarak fen okuryazari 6grenciler yetistirmeyi diisiinmektedir. Dewey (1904), fen okuryazar1 6grenciler
yetistirirken sorgulamaya dayali uygulamalarin ve deneysel 6grenme yontemlerinin énemini savunur.
Ayrica Dewey (1910), sorgulamaya dayali yontemler yerine bilimsel olgu/yasa ile hazir bilgi arasindaki
talimatlarin yetersiz uygulamalarini vurgulamaktadir. Bu bakis agisi, fen egitiminde ve uygulamalarinda
devrim niteliginde degisiklikler gerektirmektedir (Hurd, 1975). Giincellenen fen 6gretimi standartlari,
fen okuryazarligin1 (FO) fen egitiminin merkezine tasimistir (Keskin ve digerleri, 2016).

Fen okuryazarliginin anlami son zamanlarda egitimciler tarafindan daha da gelistirilmis ve
genisletilmistir. Fen egitiminin vizyonu, Ulusal Fen Egitimi Standartlar1 (NSES) tarafindan FO ile
iligkili olarak yeniden tanimlanmistir. Fen egitimi i¢in giincellenen standartlar, fen okuryazarliga sahip
ogrenciler ile toplum arasindaki giiclii iliskiyi vurgulamaktadir (NRC, 1996). Amerikan Bilimsel
Gelisme Dernegi (AAAS, 1996), fen okuryazarliginin sadece bilimsel kariyer pesinde kosan bireyler
icin degil, ayn1 zamanda toplumda yasayan bireyler i¢in de gerekli oldugunu belirtmistir. FO, bilimin
vatandaslik deneyimlerindeki uygulamalartyla birlikte kavranmasimi ifade eder (Bybee, 2016).
Vatandaslar, fen bilgisini giinliik yagamina entegre etmelidir. Elestirel diisiinme ve problem ¢dzme gibi
21. yiizy1l becerileri sayesinde fen okuryazarligindan basarili bir sekilde faydalanabilirler. Bu 6zellik,
bireyin toplumun pratik ve etkili bir iiyesi olma roliinii tesvik eder.

Fen ve toplum "vatandaslik i¢in fen" baslig1 altinda tartisilmaktadir (Kolstg, 2001). Demokratik
toplum anlayisi, toplumun tiim kesimlerinden vatandaslarin bilingli karar alma siirecine aktif katilimina
dayanir. Meslekten olmayanlar &zellikle sosyobilimsel konularda kendi bakis agilariyla katkida
bulunmalidir. FO, kisisel, sosyal, politik, finansal meseleler ve yasamla ilgili giiclendirilebilecek
konular perspektifinde bilim hakkinda rasyonel diisiinmek icin dngoriilen vatandaslik yeterliliginin bir
yonii olarak goriilmektedir (Hurd, 1998).

Teknolojinin ¢ok Snemli bir yer tuttugu giliniimiiz diinyasinda, FO giderek daha fazla talep
gormektedir. Bilimsel kavramlar1 anlamak, bilimsel muhakemeyi gercek diinya sorunlarina uygulamak
ve bilimsel bilgiyi etkili bir sekilde iletmek, yolumuzu bulmak i¢in ¢ok dnemlidir. Elektrik, modern
toplumda en 6nemli ve yaygin olarak kullanilan bilimsel kavramlardan biridir ve onu anlamak ve onunla
etkili bir sekilde ¢alismak icin fen okuryazari olmak gerekir. Bu ¢alisma, 6zellikle elektrik alanindaki
bilimsel kavramlar baglaminda, fen okuryazarliginin giinliik yasamdaki Onemini kesfetmeyi
amaglamaktadir.

Bir goriis yazisi, bir konu ile ilgili tartigilabilir bir fikir etrafinda yapilandirilir. Goriis yazisinin
temel amaci, okuyucular1 bakis acinizin dikkate alinmaya deger olduguna ikna etmektir. Bu goris
yazisinda, FO ile giinliik yasam arasindaki iligkiyi gostermek icin fen okuryazarliginin islevsel anlamini
inceledim. Fen okuryazari vatandaglarin toplumdaki pratik roliinii elektrik devreleri fen kavramindan
yola ¢ikarak tartistim. Caligmanin kapsamu, elektrik devreleri bilgisinin toplumun bir {iyesi olarak bireye
nasil fayda sagladiginin anlasilabilir bir siniflandirmasini gostermektir. Goriis yazimda konuyu ii¢ ana
boliim halinde diizenleyerek tartigtim. Bunlar giinliik yasam uygulamalari, kisisel glivenlik ve ekonomik
boyuttur.

Fen Okuryazar: Vatandaslar

Insanlar siklikla su soruyu soruyor: "Neden fen ilkelerini bilmemiz gerekiyor ve bunlari giinliik
hayatta nerede kullanacagiz? Fen egitimine yonelik bu onyargi ve olumsuz tutum, fen okuryazari
olmamaktan kaynaklanmaktadir. Bircok 6grenci fenin bir ders olduguna inanmakta ve fen bilgisini
yasamlariyla iliskilendirmeye calismamaktadir. Fen bilimlerinin dniindeki engelleri kaldirmak igin
oncelikle feni nasil yorumladigimizi netlestirmeliyiz. Bilimsel gergekleri/yasalar1 giinliik yasamla
iliskilendirmek, etrafimizdaki diinyayr anlamlandirmanmn tek yoludur. Bireyler bilimsel bilginin
hayatlarim farkli agilardan kolaylastirdigini fark etmelidir.

FO terimi bu diisiinceye dayanir ve fen egitiminin anlamli bir gsekilde anlasilmasi i¢in iglevsel
fen bilgisi olarak tanimlanir (DeBoer, 2006). FO, iyi fen bilgisine sahip olmak anlamina gelmez (Durant,
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1994). Bu bilgi ancak, karsilasilan durumlart agiklamak i¢in doniistiiriildiigiinde Olgiilebilir. Fen
okuryazarliginin igerigi farkli baglamlar1 kapsar; bu nedenle bilim insanlar1 ve egitimciler arasinda
tatmin edici bir FO nasil olusturulacagi konusunda bir fikir birligi yoktur (Fensham, 2002; Millar, 2006).
Ulusal Bilim Vakfi (NSF), altmis yil once fen okuryazarligimi tanimlamaya c¢alisirken, fen
okuryazarligim disiplinlerin temel yapisin1 ve sorgulama yontemlerini anlama agisindan ele aliyordu
(Layton, 1973). Prewett (1983) fen okuryazarligini anlayishh olma terimiyle iligkilendirmis ve bu
kisilerin kafa karigtirici ve korkutucu durumlarda basariya gotiiren beceri ve anlayigsa sahip akilli
insanlar oldugu yorumunu yapmistir. Bu bakimdan fen okuryazarligi, bilimsel ve teknolojik agidan
oldukca gelismis bir toplumda hayatta kalabilmek i¢in gerekli olan temel bir yetenek olarak
tanimlanabilir. Boulding ve Senesh (1983) fen okuryazarligini, bilimsel/teknolojik bilgiyi kullanma
yetenegini yapilandirmak olarak agikladilar. Roberts (2007) fen okuryazarligini, kavramsal bilgi ve
uygulamalar1 6ngdérmeyi tesvik etmek yerine, genis bir yelpazedeki kisisel ve sosyal konulardaki
bilimsel bilgi ve uygulamalar1 anlamak olarak agiklamistir. Bu baglamlardan biri de bilimsel bilgi ile
sosyal yasam arasindaki iliskidir. FO, halkin bilim anlayigin1 gelistirmeyi amaglar (Durant, 1993). Fen
ve toplum arasinda gii¢lii bir iligki vardir (Hurd, 1958; Matthews, 1994). FO giinliikk yasamimizda
karsilagtigimiz olgulari anlamamizi ve bilim ve teknolojiyi igeren kamusal konularda bilingli kararlar
almamizi saglar (Brennan, 1992).

Ancak, fen d6gretimi ile vatandaglarin giinliik yasamda bilimden beklentileri arasinda 6nemli bir
ucurum vardir (Hurd, 1998). Ogrenciler sadece akademik bilim i¢in degil, ayn1 zamanda vatandas olarak
problem ¢ozmek ve bilime dayali kararlar almak i¢in de fen okuryazarligina ihtiya¢ duyarlar. FO,
bilimsel bilginin gergek hayatta nasil isledigini anlamak anlamina gelir. Bu nedenle, sanilanin aksine,
FO sadece bilim insanlarinin degil, siradan insanlarin da sahip olmasi gereken bir beceridir (Durant,
1994). Hurd (1998), fen okuryazarliginin herkesin hayatini etkiledigini ve bilgi kullanicilar1 olarak
sosyal secimlerini sekillendirdigini savunmustur. Ulusal Fen Egitimi Standartlari'na (NSES) gore, fen
miifredatinda FO, 6grencilerin bilimsel bilgiyi se¢mesi, diizenlemesi ve iiretken bir yasam icin
kullanmasi gerekliligi anlamina gelir (NRC, 1996).

Pella (1967) fen egitimi iizerine 100 yaymi gozden gecirerek fen okuryazarligimin tanimini
incelemistir. Sonuglar, birgok fen egitimcisinin fen okuryazarligini agiklamak igin fen ve toplum
arasindaki etkilesime atifta bulundugunu gostermektedir (DeBoer, 1991). NSES (NRC, 1996, 5.22), fen
okuryazarliginin "kigisel karar verme, kentsel ve kiiltiirel islere katilim ve ekonomik iiretkenlik" i¢in
beceriler sagladigint belirtmektedir. Standartlar, 6grencilerin fen okuryazari vatandaslar olmalar
gerektigini belirtmektedir. Yerel ve ulusal sorunlar tanimlayabilmeli ve bilimsel ve teknolojik yonleri
hakkinda karar verebilmelidirler. Thomas ve Durant (1987) fen okuryazari iiyelerin bilim ve teknolojiyle
ilgili donanimli bir toplum gelistirdigini ileri siirmiistiir. Bu da giinliik yasamin verimli olmasini saglar.
Ornegin, fen okuryazari vatandaslar beslenme, saglik hizmetleri, tiiketici tercihleri ve giivenlik
konularinda daha iyi kararlar alirlar. FO anlayisi ayn1 zamanda ekonomik kalkinma ve ulusal giivenligin
saglanmasina da yardime1 olur (Lui, 2009).

Buna gore, fen bilimleri alan bilgisinin anlasilmasi ve giinliik hayata uygulanmas: ile analitik
akil yiiriitme becerileri araciligtyla bilimsel bilginin problem ¢6zmede uygulanmasi fen okuryazarliginin
temel bilesenleridir (Norris ve Phillips, 2003, Cepni vd., 2006). Fenin giinlilk yasamin kalitesine katk1
saglayan ve her gecen giin artan islevsel boyutu diisiiniildiigiinde FO daha da dnemli hale gelmektedir
(Derman, 2014).

Elektrik Devreleri: Bir Enerji Uygulamasi

Elektrik, fizikte elektrik yiikiiniin malzemelerden akigini inceleyen temel bir olgudur. Birgok
modern teknolojinin arkasindaki itici giictiir ve evlerden ulagim sistemlerine kadar her seye giic
saglamak i¢in kullanilir. Devreler, voltaj ve akim gibi temel elektrik prensiplerini anlamak, elektrigi
giivenli ve verimli bir sekilde kullanmak i¢in gereklidir. Bir elektrik devresi, fizikteki enerji tiirlerinden
biri olan elektrigin akim tabanli bir uygulamasidir. Bircok yaygin elektronik cihaz elektrik devrelerine
dayanmaktadir. Bu nedenle, elektrik devrelerinin giinliik hayatta nasil ¢alistigin1 anlamak gerekir.
Elektrik devreleri kavrami ilk olarak ilkogretim 6grencilerine tanitilir. Basit elektrik devreleri modeline
gore, 0grencilerin elektrik ve elektrik akimi ile ilgili giinlilk goriisleri kazanmalar1 beklenmektedir
(Leach & Scott, 2002, 5.132):
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Piller biter;

= Elektrik nesnelerin ¢alismasini saglar;

= Akim, elektrik, volt, gii¢ ayni1 tiirden seylerdir;
= Elektrik ve elektrik akimi akar.

Gelecek Nesil Bilim Standartlari'ndaki (NGSS, 2013) 6grenme hedefleri, elektrik akimi ve
elektrik devreleri yoluyla enerjiyle ilgili bilimsel fikirleri tanimlar. Bu, elektrik devrelerinin elektrik
enerjisini pil gibi kaynaklardan cihazlara nasil aktardigini ve enerjinin neden tam bir devrede aktigini
yeterince anlamay1 ve agiklamay1 igerir. Buna ek olarak, standartlar 6grencilerin hangi malzemelerin
iletken hangilerinin yalitkan oldugunu tanimlamalarini ve seri ve paralel devreleri karsilastirmalarini
gerektirir (AAAS, 1993; NRC 2011; NGSS 2013). Elektrik akimi ayn1 zamanda elektrik enerjisini
hareket, ses, 1s1 veya 1s1k seklinde aktarmak i¢in de kullanilir (NGSS, 2013).

Bu goriis yazisi, 6grenme hedefleriyle birlikte elektrik devrelerini anlamanin, fizik ve bilimle
ilgili alanlarda yiiksekdgrenim ve/veya kariyer yapmayi planlayip planlamadiklarina bakilmaksizin,
gelecegin vatandaslar1 olarak tiim 6grenciler i¢in neden dnemli bir bilgi olarak gdriilmesi gerektiginin
ana nedenlerini ele almaktadir. Yeterli FO ile toplumun pratik bir iyesi olmak arasindaki iliskinin daha
iyi anlagilmasimi saglamak i¢in boliimlerin her biri, giinlik yasamdaki elektrikle ilgili durumlardan
orneklerle gosterilmistir.

1. Giinlitk Yasam Uygulamalar

Giliniimiizde elektrik, modern uygarligin ayrilmaz bir parcasi haline gelmistir. Hayatimizi daha
konforlu ve verimli hale getirmek i¢in elektrikten bircok sekilde faydalaniyoruz. Bilim ve teknoloji hizla
degisiyor ve gelisiyor olsa da, elektrik devrelerine iliskin temel bilgiler 21. yiizyilda bir¢ok teknolojik
cihaz1 tanimlamak ve gelistirmek icin hala 6nemlidir. Elektrik, giinlik hayatta cesitli durumlarla
biitiinlestirilebilen yaygin bir bilimsel olgudur (Sulsilah, Utari ve Saepuzaman, 2019). Vatandaslar akilli
telefon, tablet, diziistii bilgisayar, televizyon, kahve makinesi, 1sitici, ampul ve sa¢ kurutma makinesi
gibi bircok elektronik cihaz araciligiyla elektrik akimindan yararlandiklari i¢in elektrik devrelerinin
calisma prensibini kestirmelidir. Insanlar, basit bir elektrik devresi dongiisii hakkinda temel bilgiler
edinerek elektrikli aletlerle ilgili giinliik sorunlarini ¢dzebileceklerdir.

Ornegin, bireyler elektrik enerjisinin elektrik akimu ile iliskili oldugunu ve sadece tam dongiilii
bir elektrik devresinden (kapali elektrik devresi) gecebilecegini bildiklerinde bir elektrik lambasinin
nasil parladigini derinlemesine anlayabilir ve lamba parlamadiginda sorunun ne oldugunu
belirleyebilirler. Eger insanlar 15181 actiklar1 halde lamba yanmiyorsa, devrede elektrik akimi olmadigini
gorebileceklerdir. Baska bir deyisle, apartmanda, hatta belki de tim sokak veya caddede elektrik
kesintisi var demektir. Ayn1 zamanda, evdeki diger elektrikli aletlerin ¢alistiginin farkinda olabilirler,
bu nedenle ampuliin yanmig olmasi gerektigi sonucuna varabilirler. Bu noktada, insanlar sorunu ¢6zmek
icin ampulii yenisiyle degistirmenin gerekli oldugunu bilirler. Basit bir elektrik devresinin temel
semasimi ve nasil calistigimi hatirlayabilirler. Bu durum, kanita dayali sonuglar ¢ikarmalarini
saglayacaktir. Bu basit bir 6rnek olabilir, ancak elektrik devresi kavramu, elektrik sorunlarini gidermekle
kars1 karsiya kalindiginda benzer birgok durumda yardime1 olur.

Akilli telefon, insanlarin en iyi bilinen sahip oldugu elektronik cihazlardan biridir. Elektrik
devreleri kavrami hakkinda bilimsel bir anlayisa sahip olan herkes, bir akilli telefonun diizenli olarak
sarj edilmesi gerektigini bilir. Ne yazik ki, fen okuryazar1 olmayan insanlar genellikle telefonlarini gece
boyunca sarj ederler. Telefonunuzu %100 sarj etmek muhtemelen sadece birkag saat siirer. Ya da bu
kisiler akill1 telefonlarini prize takiliyken kullanmaya devam ederler. Gergek su ki, akilli telefonunuz
tamamen sarj oldugunda, telefonun i¢inde bulunan donanimi korumak i¢in sarj cihazindan elektrik akimi
¢cekmeyi durdurur. Bu, akilli telefonunuzu prize taksaniz bile sarj cihazinin elektrigi kesecegi anlamina
gelir. Akilli telefonunuzu gece boyunca sarjda tutmaniz durumunda, sarj cihazi telefonunuzun dogal
olarak kaybettigi az miktarda sarji1 telafi etmek icgin sarj seviyesini %100'de tutmaya calisir. Sonug
olarak, telefonunuz siirekli olarak tam sarj ile tam sarjdan daha az bir sarj arasinda gidip gelir. Bu
kademeli sarjlar, telefonunuzun c¢evresindeki ortam sicakliginin yiikselmesine neden olur ve bu da
zamanla batarya kapasitesini azaltabilir. Bu siire¢ diziistii bilgisayarimizi veya pille calisan diger
cihazlar sarj etmek i¢in de gegerlidir. Elektrik devrelerinin nasil calistigini iyi anlamak, fen
okuryazarligina sahip kisilerin bu potansiyel sorunun {istesinden gelmesine yardimci olacaktir. Bir cep
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telefonunu uzun siire prize takili birakmanin telefonun pil émriinii azaltacagini kolayca 6grenebilir ve
bundan kagmabilirsiniz (GO Concepts, t.y.).

Ote yandan, ozellikle gok giiriiltiilii saganak yagislarin beklendigi bir bdlgede yasayan
bireylerin elektrik devreleri hakkinda daha fazla bilimsel bilgiye ihtiyaclar1 vardir. Onlem almadigimiz
takdirde yildirimin elektronik cihazlarimiza zarar vermesi miimkiindiir. Bir¢ok elektronik cihaz,
yildirimin neden oldugu asir1 gerilim hasar1 nedeniyle bozulmaktadir. Yildirim hasarinin ana nedeni,
yildirim enerjisinin kablolar ve borular araciligiyla binalara girmesidir. Fen okuryazarligina sahip kisiler
elektronik cihazlar1 kullanirken olasi sorunlara karsi asir1 gerilim koruyucular da dahil olmak iizere
Onlem alirlar. Ya da yildirim hasarinin zararl etkisinden kaginmak igin elektronik cihazlarin figini
cekerek acik elektrik devresi saglarlar.

Ornekleri genisletmek icin giines panellerinden de bahsedebiliriz. Bireyler su anda giinliik
yasamda cesitli giines panellerinin kullanimia aginadir (su 1sitmak, evi aydinlatmak, elektronik
cihazlari sarj etmek vb.) Bu paneller temel olarak fotovoltaik (PV) hiicreler araciliiyla giines 151g1ndan
enerji emerek galigir. Hiicrelerdeki dahili bir elektrik alan1 tarafindan bir elektrik yiikii olusturulur ve bu
da elektrik akisina neden olur (Energy.Gov, n.d.). Giines panellerinin verimliligi hakkinda yaygin bir
yanlig kan1 vardir. Giines panellerinin en fazla elektrigi yaz aylarinda iirettigi, ¢iinkii caligmak i¢in daha
yiiksek sicakliklara ihtiyag duyduklar1 yaygin bir yanilgidir. Yaygin inanisin aksine, daha yiiksek
sicakliklar ve daha yogun giines 15181 genellikle birbiriyle iligkilidir. Aslinda, giines panelleri asir1 sicak
veya soguk oldugunda, daha az etkili hale gelirler (Good Energy, t.y.). Bu noktada, daha iyi bakim ve
maksimum performans saglamak icin PV panelinin ¢aligma prensiplerini anlamak ¢ok dnemlidir.

FO, insanlarmn elektrikli aletleri daha etkin kullanmalarini saglar. Cihazlar1 igin seyrek olarak
bakim, onarim ihtiyaci duyarlar ve bu da cihazlarin uzun 6miirli kullanimini saglar. Bu hususu asagida
"Ekonomik Boyut" olarak adlandirilan diger boliimle de iliskilendirebiliriz.

2. Kisisel Giivenlik

Bireyler kendilerini elektrigin tehlikeli etkilerinden korumak i¢in elektrik devreleri kavramini
anlamalidir. Elektrik akimi, bir kisinin dogrudan maruz kalmasi halinde elektrik carpmasina,
yaralanmaya veya 0liime neden olabilir. Bu nedenle, ister bir elektronik cihazi tamir ederken veya sarj
ederken, ister bir ampulii degistirirken veya bir araba kazasinin ardindan olsun, elektrikle ¢aligirken
giivenlik 6nemli bir husustur. Giivenligi saglamak i¢in elektrikle ilgili iki 6nemli bilimsel gercek
bilinmelidir. insanlar elektrik devresinde akim oldugundan emin olmali, yani devrenin agik veya kapali
olup olmadigini kontrol etmelidir. Bununla birlikte insanlar iletken-yalitkan malzemelerin 6zellikleri
hakkinda bilgi sahibi olmalidir. Bu noktada elektrik devrelerinin kokenini bilmek, kendimizi ve
bagkalarini elektrik carpmasindan nasil koruyabilecegimiz konusunda bir¢ok fayda saglar.

Elektrik devrelerinin net bir sekilde anlasilmasi, potansiyel tehlikeleri tanimanizi ve elektrik
carpmalarim1 6nlemek i¢in onlemler almanizi saglar. Topraklamayi ve ne anlama geldigini bilmek,
elektrikli cihazlarin uygun sekilde topraklanmasini saglamaya yardimeci olabilir. Bu, asir1 gerilim
olusumunu 6nler ve elektrik carpmasi riskini azaltir. Ornegin, yiiksek voltajli elektrik hatlarimnin iizerinde
duran kuslar1 gézlemledigimizde onlar1 elektrik carpmadigini gorebiliriz. Ote yandan, tel kopar ve yere
diiserse, telin iizerinde duran kuslar soka girecektir (Susdarwati, Dimas ve Hannum, 2021). Potansiyel
farkindan kaynaklanan bu durumu 6ngdrebilmek ve buna gore hareket edebilmek icin fen okuryazari
bir kisiye ihtiya¢ vardir. Bagka bir drnek vermek gerekirse, iyi bilgilendirilmis (fen okuryazarliga sahip)
insanlar elektrigin kendileri iizerinde ne gibi olumsuz etkileri olabilecegini ongdrebilirler. Bu kisiler
elektrik carpmasi durumunda elektrik yaralanmalarini Onleyebilirler. Elektrigin kapali devrelerde
aktigimi bildiklerinden, giicii sigorta kutusundan kapatmadan once herhangi bir isten baglantinin
kesilmesinin &nemli oldugunu bilirler. Ayrica iletkenler ve yalitkanlar arasindaki farki da ayirt
edebilirler. Yalitkanlarin aksine iletkenlerin elektronlari ¢ok kolay tasidigini kolayca anlayabilirler. Bir
elektrik carpmasi durumunda, iletken malzemelerle elektrik soku geciren kisi ile etkilesimde
bulunmayacaktir. Kaynagi kendilerinden ve yarali kisiden uzaklastirmak i¢in karton, plastik veya tahta
gibi kuru, iletken olmayan bir nesneyi en iyi sekilde nasil kullanacaklarini bilirler.

Elektrik devrelerini bilmek asir1 yiiklenmeleri ve elektrik yanginlarini dnlemenize yardimci
olabilir. Devre kesicileri ve sigortalar1 6grenirseniz, devreleri asir1 yiiklerden korumak i¢in bunlart etkili
bir sekilde kullanabilirsiniz. Bir devre kesicinin (sigortanin) atmis oldugunu fark ettiginizde, devre
kesiciyi (sigortay1) sifirlamadan 6nce nedenini arastirabilir ve diizeltebilirsiniz. Bu arada, elektrik yiikii
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kavramini bilmek, bir devrenin agir1 yliklenmesini 6nlemek icin elektrikli cihazlar1 ve aletleri farkli
devrelere dagitmaniza da yardimei olacaktir. Asir1 yiiklenmis elektrik devreleri asir1 1sinmaya ve
dolayisiyla yanginlara neden olabilir. Ornegin, dogal afetler hayatimizin bir parcasidir ve depremler de
bunlardan biridir. Bu felaketle kars1 karsiya kalan insanlarin bilimsel bilgiye ihtiyaci vardir. Deprem
sonrasinda, hasar gormiis elektrik tesisati nedeniyle kagak gerilimler (yani elektrik devrelerinin
bozulmasi) olabilir. Bu durumda, eger bir binanin i¢indeyseniz, kendinizi olas1 yangin ve patlamalardan
korumalisiniz. En iyi davranis, gaz kagagi olmadiginda akim akisini durdurmak i¢in giicli kapatmaktir.
Hasarli elektrik tesisat1 nedeniyle bir araba kazasindan sonra da yangin veya patlama meydana gelebilir.
Fen okuryazarligina sahip insanlar bu tiir durumlar1 anlayabilir ve hizli hareket edebilirler. Binay1 ya da
kaza yapan arabay1 derhal terk ederler.

Elektrik devreleri olgusunu anlamak, elektrikli aletleri giivenli bir sekilde kullanma becerinizi
gelistirir. Voltaj, akim ve diren¢ arasindaki iligkiyi bilmek, farkli cihazlarin giic gereksinimlerini
anlamaniza yardimci olabilir. Bu bilgi, farkli cihazlar i¢in uygun voltaj seviyelerinin ve akim
degerlerinin se¢ilmesine yardimci olacaktir. Seri ve paralel devreler arasindaki farklarin bilinmesi de
elektrikli cihazlarin giivenli bir sekilde diizenlenmesine yardimci olur. Ornegin, 1siklarin paralel bir
devrede nasil baglandigini anlamak, bir ampuliin arizalanmasi durumunda digerlerinin ¢aligmaya devam
etmesini saglar.

3. Ekonomik Boyut

Ekonomik nedenlerden dolayi, bireyler elektrik devreleri kavramini 6grenmelidir. Onlar
toplumun iiyeleridir ve gecimlerini saglamak i¢in kendi biitcelerini yonetmek zorundadirlar. Bu nedenle
elektronik cihazlarin1 ucuz bir sekilde kullanmay: tercih ederler. FO olmayan Kkisilerin, elektrik
devrelerinin alternatif enerji uygulamalar1 ve enerjiden nasil tasarruf edilecegi hakkindaki bilimsel
fikirlerini aktarmalar1 zor olabilir (Adriyawati, Utomo, Rahmawati ve Mardiah, 2020). Ornegin, fen
okuryazarligina sahip kisiler yiliksek voltajli ampul kullaniminin elektrik faturalarmi artirdigim
diisiinmektedir. Bu kisiler enerji tasarruflu lambalar1 tercih etmektedir. Geleneksel akkor ampullerden
vazgecip halojen ampuller, kompakt floresan ampuller (CFL'ler) ve 151k yayan diyotlar (LED'ler) gibi
maliyet tasarrufu saglayan secenekleri tercih etmektedirler. Bu tiir ampuller, geleneksel ampullerin
aksine, kullanim sirasinda geleneksel ampullerden daha az termal enerji yayar. Daha diisiik watt
degerlerinde bile ayn1 parlakligi sunarlar.

Ote yandan, ev elektronigindeki cogu elektronik cihaz, enerji kayiplarin1 6nlemek amaciyla
sebekeden calistirilabilmektedir. Gii¢ kayb1 sorununa tipik bir drnek televizyondur (TV). Ne yazik ki,
insanlar higbir sey izlemedikleri zamanlarda bile televizyonu bekleme modunda birakmaktadir.
Elektrikgiler, elektrikli bir aleti bekleme modunda birakmanin enerji israfi oldugunu sdylerler. Ancak
elektrik devrelerine asina olan kisiler, elektrik devresi kapali oldugu i¢in TV'nin hala enerji kullandigin
fark edebilirler. Elektronik cihazlarini bekleme modunda birakmamay1 ve tasarruf etmeyi tercih ederler.
Elektronik cihazlar bekleme modunda da enerji tiiketmeye devam eder (Divya et al., 2017, Vasiliu,
2021). Bu cihazlar elektrik devreleri igerir. Cihaz fise bagli oldugu siirece bu devre enerji tiiketir. Cihaz
bekleme konumundayken bile devre enerji tiikketmeye devam eder. Aragtirmalar, ortalama bir konut
binasinda elektronik cihazlarin bekleme modunda birakilmasinin bir yil boyunca %34'e varan enerji
kaybina yol agtigini gostermektedir (Vasiliu, 2021). Elektronik cihazlarin bekleme modundaki enerji
tikketimi yalnizca elektrik enerjisinden olusur ve kiiresel arastirmalara gore enerji tiiketimin %3 ila
%10'unu olugturur (Meier, 2002).

Baska bir 6rnege bakacak olursak, bilimsel olarak fen okuryazarli§i olmayan bireyler devre
baglant1 tiiriinii tahmin etme konusunda yanilgilara sahip olabilir (Kii¢iikdzer ve Kocakiilah, 2007). Bu
durum elektrik enerjisinin bosa harcanmasina yol agabilir. Seri bagli devrelerde pil 6mrii, ayn1 pil veya
jenerator icin paralel bagl devrelere gore daha uzundur. Bu nedenle batarya ile calisan ampullerin daha
uzun yanma siiresi i¢in seri baglanmasi gerekir. Lamba sayisi arttik¢a parlakligin artacagi ya da ne kadar
lamba eklersek ekleyelim parlakligim aym kalacagi diislincesi olas1 bir yanilgiya yol agacaktir. Bu
noktada devre tipi 6nemlidir ve seri bagl bir devrede bahsedilen bu durum miimkiin degildir. Seri bagh
devrelerde lamba sayis1 arttikga pilin degistirilmesine gerek kalmadan parlaklik azalir. Paralel bagh
devrelerde ise pil veya jenerator sayisi ayni kaldigi siirece ampul sayisi arttikga lambanin parlaklig
degismeyecektir. Ister ev ortamu, ister bir etkinlik salonu ya da bir kamp alami olsun bir mekani
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aydinlatmaya karar verdigimizde bahsettigimiz lamba baglant1 sekli (seri ya da paralel)
gerceklestirdigimiz faaliyette tiikettigimiz elektrigin ekonomik olup olmadigini belirleyecektir.

Tipik bir elektronik devre, elektrik akimimin akmasini saglayan iletken tellerle birbirine
baglanmig direngler, transistorler ve kapasitorler gibi ¢esitli elektronik bilesenlerden olusur. Fen
okuryazar bir kisi, fen okuryazar1 olmayan bir kisinin aksine bu bilgiye sahiptir. Evimize gelen elektrik
220V (volt)'dur. Evlerimizde kullandigimiz elektrikli cihazlarin birgogu 220V'u dogrudan kullanmaz,
girislerinde bulunan bir transformatér yardimiyla bu gerilimi diistirerek kullanirlar. Bu trafolar cep
telefonlarinin adaptorlerinde, televizyonlarin i¢ kisimlarinda ve bilgisayar kasalarinin giriglerinde
bulunabilir. Temel gorevi 220V'luk alternatif akim (AC) gerilimini 24V, 12V, 5V gibi diisiik dogru akim
(DC) gerilimlerine diisiirmek olan bu cihazlara adaptor, giic kaynag: gibi farkli isimler verilmektedir.
21'inci yiizyilda kullandigimiz her elektronik cihaz, biiyiik ya da kiigiik bir transformator (ya da aynisini
yapan bir donanim) igerir. Transformatorlii herhangi bir cihaz, kullanimda olsun ya da olmasin, fise
takili oldugu siirece elektrik kullanmaya devam eder. Prizden gelen akim siireklidir ve anahtari
kapatmadiginiz siirece kesilmez. Bu akimin ve dolayisiyla cihazin ihtiyag duydugu giiciin eninde
sonunda azalmasi gerekir. Bunu azaltmak ic¢in transformator siirekli ¢alisir ve giic tiiketir (Oktay vd.,
2022). Ornekler arasinda cep telefonu sarj cihazlari, dijital uydu alicilari, akilli TV'ler, PC'ler ve diziistii
bilgisayarlar ve dijital saat igeren cihazlar (mikrodalga firmlar gibi) yer almaktadir. Uglii priz adaptorii
kullanmak gibi Onerileri genisletebiliriz. Bu adaptoriin baz1 versiyonlarinda, kullanilmadiginda giic
tasarrufu saglamak i¢in bir agma/kapama diigmesi bulunmaktadir.

Akilli telefonunuzu sarj olurken sik sik kullanmak da lityum iyon pilin normal hizindan daha
hizl1 bosalmasina neden olabilir. Bunun nedeni, telefonunuzu hem kullanirken hem de sarj ederken pilin
istnmasidir. Her ikisini ayni anda yapmak bataryay1 isitir ve iizerine ¢ok fazla yiik bindirir. Bu
uygulamay1 diizenli olarak yaparsaniz, pil performansinin diigmesine ve tam sarj tutma kapasitesinin
azalmasina neden olabilir. Bu da akilli telefonunuzun pil dmriiniin beklenenden daha erken bitmesine
neden olacak ve yeni bir pil ya da akilli telefon satin almamz gerekecektir. Bu kesinlikle arzu
etmedigimiz ve ekonomik olmayan bir durum olacaktir.

Birgok kisi elektronik cihazlar1 prizde takili biraktigini ifade etmektedir (Oktay, 2022). Bu
durum hane halkinin enerji tiiketimini artirmaktadir (Reaves, 2014; Streimikiene & Vveinhardt, 2015).
Prizde takili birakilan bir sarj cihazi, kendisine bagli bir elektronik cihaz olsun ya da olmasin elektrik
kullanmaya devam etmektedir. Bu sadece elektrik faturasinmi (¢ok kiigiik bir miktar i¢in) artirmakla
kalmaz, ayn1 zamanda elektronik cihazinizin 6émriinii de kisaltir. Ancak hane halkina baktigimizda her
evde ¢esitli elektronik cihazlar igin 5 ila 10 sarj aleti bulunuyor. Bu durumu genellestirecek olursak tilke
genelinde biiylik bir enerji kaybindan bahsedebiliriz.

Tartisma, Sonuc ve Oneriler

Bu goriis yazisi, FO becerilerine sahip kisilerin elektrik temelli durumlar1 tanimlamak ig¢in
bilgilerini kullanabileceklerini gostermektedir. Genel olarak, FO vatandaglara karmasik elektrik
diinyasinda gezinmek ve elektrik sorunlarimi giderme konusunda bilingli kararlar almak i¢in gereken
bilgi ve becerileri saglar. Elektrik devrelerini bilmekle ilgili olarak ele alinan ii¢ baglhigin farkindalig:
sayesinde, bireylerin fen okuryazarliginin yasam kalitelerini artirmak i¢in ne kadar gerekli oldugunu
daha iyi anlayabilmeleri beklenmektedir. Elektrik devrelerine iligkin bilimsel bilginin hayatimizin hangi
noktasinda daha etkili oldugu tartisilabilir. Ancak bu bilginin giinliik yasamin her aninda se¢imlerimiz
ve davraniglarimiz {izerinde az ya da ¢ok olumlu bir etkiye sahip oldugu agiktir. Calismada verilen
ornekler bilimsel agidan oldukga basit goriinebilir, ancak her bireyin giinlilk yasamdan agina oldugu
durumlarla ilgilidir. Bu c¢aligma, elektrik devrelerine iliskin temel bir bilginin vatandaslar olarak
hayatlarimiz {izerinde nasil biiyiik bir etkiye sahip olabilecegini gostermektedir.

Elektrik devrelerinin giinliik hayattaki uygulamalarin1 anlamak i¢in bireylerin yeterli bilimsel
bilgiye sahip olmas1 gerekmektedir. Ogrenciler (toplumun gelecekteki iiyeleri olarak) elektrik devreleri
kavramini bagarili bir sekilde 6grenirlerse, birgok elektrikli cihazi giivenli, rahat ve yeterli bir sekilde
kullanarak hayatlarimi kolaylastirabilirler. Ogrenciler, temel FO bakis agisim kazanarak, bunun bir
toplumda makul rahatlik ve giivenle yasamay1 ve hareket etmeyi sagladigini fark edebilirler. Bilimin
neden gerekli oldugu ve yasamlari boyunca bilimsel bilgiden nasil faydalanacaklari konusundaki
onyargilarindan kurtulabilirler. Bu farkindalik onlar1 bilimsel kavramlari anlamli bir sekilde 6grenmeye
ve bunlan giinliik kararlari ile biitiinlestirmeye motive edebilir. Bu nedenle, dgretmenler ya da
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egitimciler olarak, bilimsel bilginin uygulanmasina dair daha fazla 6rnek vermeli ve Ogrencilere
bilgilerini giinliik deneyimlerle iliskilendirme firsat1 sunmaliy1z. Ogrencilerin fen 6grenimine yonelik
olumsuz tutumlarini ortadan kaldirmanin tek yolu budur. Bu sekilde topluma daha iiretken ve elestirel
diistinen insanlar kazandirabiliriz.

Bu goriise karst bazi egitimciler fen okuryazarligmin potansiyel zorluklar sundugunu
savunuyorlar (Hand ve digerleri, 2003; Klein, 2006). Bu argiimana gore FO, bilimi insa etme, 6grenme
ve uygulamayla ilgili tiim etkinlikleri kapsar. Bu nedenle bilimsel yeterliligin olusmasinda ¢esitli
faktorlerin yer almas1 gerekmektedir. Fen okuryazarligi temel olarak bilimin biiyiik fikirlerinin daha iyi
anlagilmasiyla ve bilim, teknoloji, toplum ve g¢evre sorunlart hakkindaki kamusal tartigmalara tam
katilimla iligkilidir. Ne yazik ki bu noktada insanlarin inanglar1 ve biligsel algilar1 bilimsel okuryazarlik
yapilarini etkilemektedir ve fikir birligine varmak zordur.

Bilimsel olarak ¢ok gelismis olan vatandaslarin sosyal diinyada kararlarini etkili bir sekilde
miizakere edebilecekleri iddia edilmektedir (Thomas ve Durant, 1987). Bu bakis a¢isinin saglanmasiyla
ogrenciler, giinliik yasam deneyimlerinde bilimsel akil yiirlitme ve problem ¢ozme gibi 21. yiizyil
becerilerini gelistirmeye de tesvik edilmis olurlar. FO, bireyin 21. yiizy1l becerilerinin mihenk tas1 olan
elestirel diisiinme yetenegini gelistirir. Sharon ve Baram-Tsabari (2020) de FO’nin uygulanmasinda agik
fikirli olma kavramina vurgu yaparak ayni fikre atifta bulunmaktadir. Fortus ve digerleri (2022)
caligmalarinda, fen okuryazarliginin gelistirilmesinin, 6grencileri yasam boyu bilim 6grenen biri olarak
kanita dayali akil yiiriitme ile bilimsel kavramlarin temel bilgisi araciligiyla bilimin dogasina iliskin bir
anlayis gelistirmeye tesvik ettigini vurgulamaktadir.

Elektrik enerjisi ile ilgili giinliik 6rnekleri genisletebiliriz. Burada 6nemli olan, elektrik ile ilgili
temel bilgileri karsilastigimiz durumlara basarili bir sekilde aktarmak ve bunlardan sonuglar
cikarmaktir. Adriyawati ve digerleri (2020), 6grencilerin iist diizey diisiinme becerilerini gelistirmek
icin alternatif bir enerji tiirii olarak elektrigin FO yoniiniin 6nemine isaret etmektedir. Susdarwati ve
digerleri (2021) de benzer sekilde, elektrik devreleriyle ilgili fen okuryazarligi temelli bir 6grenme
modelinin analiz etme, degerlendirme ve iiretme gibi st diizey diisiinme becerilerini gelistirmedeki
temel rollinii vurgulamustir.

Etrafimizdaki tiim elektronik cihazlarin ¢aligma prensiplerini anlamak, FO ve elektrik bilimsel
olgusu arasinda daha iyi bir baglanti kurmak i¢in yararlidir. Sadece elektrik devreleri i¢in degil, diger
bilimsel olgularin giinliik durumlara aktarilmasi i¢in de nasil ¢alistigini kavramak énemlidir. Bu noktada
fizik temelli bilim kavramlariyla sinirlandirmak yanlis olur. Bunu fen egitimindeki herhangi bir disipline
uygulayabiliriz. Ornegin kimyada ¢aydanligi parlatmak igin limon tozu kullanmanmn nedeni gibi.
Musluk suyunda bulunan kalsiyum ve magnezyum gibi mineraller kuruyarak beyaz izler (kireg) birakir.
Kireg, alkali bir 6zellige sahip oldugu i¢in asidik olan sitrik asit, onu noétralize ederek yumusatir ve
cikarilmasini kolaylastirir. Bazik yapida olan kire¢ asidik yapida olan limon tuzu ile kimyasal tepkiye
sokuldugunda kalsiyum tuzlari olugur. Bu tuzlar yikama ile ¢aydanlik yilizeyinden kolayca uzaklastirilir.
Bu islem hem kullandiginiz ¢aydanligin dmriinii uzatarak ekonomiklik saglar (bknz. 3. Ekonomik
Boyut) hem de ¢aydanligin igerisinde yer alan kirecin viicudumuza girmesini engelleyerek (bknz. 2.
Kisisel Giivenlik) (viicutta biriken kalsiyum bobrek tast olusumuna neden olur) sagligimizi korur.
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Introduction

Interest in children's color preferences is not new. One theory is that this global interest in color
choice, which began at the turn of the 20th century, is based on a knowledge of childhood, which
influences the color schemes used in children's clothing and young adult literature under pressure from
the manufacturing industry (Katz & Breed, 1922). The research on children's and young people's object
color preferences and nomenclature broadened in the years that followed, and it was also looked into
how these preferences and nomenclature varied between cultures. It can be argued that this interest
persisted during those years (Al-Raheed, 2015; Walsh, Toma, Tuveson & Sondhi. 1990; Zentner, 2001).
One of the topics studied is the preferences for colors of adults as well as children and teenagers
(Dittmar, 2001). Understanding children's color preferences for various items is essential, particularly
considering the rapid pace of global change and development. Turkish children's color preferences,
however, have been very limited studied. The favorite and least favorite colors of Turkish children
between the ages of 48 and 84 months, as well as the preferred colors of numerous objects, were
identified in this study, and an attempt was made to compile these findings.

Colors in Children's World

Colors are also important elements in children's world. They can influence children's
preferences for toys (Weisgram et al., 2014), food (Walsh et al, 2012), clothing (Kilinc, 2011), space
(Gyu Park, 2014; Nourmusavi Nasab et al., 2020; Read &Upington, 2009), etc. Similarly, colors are one
of the factors that have the potential to affect student behavior, mood (Morton, 1998), focused attention
level (Engelbrecht, 2003; Imhof, 2004), and performance (Engelbrecht, 2003) in learning environments.
For example, interior color can affect academic performance positively or negatively by creating a
change in emotions and mood (Kuller et al., 2009). For this reason, colors should be taken into account
in the functional design of learning environments/classrooms, children's color preferences should be
determined and these colors should be used in classroom environments (Gaines & Curry, 2011). For
instance, white walls in the classroom create a good level of stimulation - vibrancy, and excitement
(Barrett et al., 2015). The specific reason why children like certain colors more or less is not yet known.
In a recent study (Palmen & Scholoss, 2009), as a result of a detailed theoretical discussion and
application, the authors found that in the literature, color preferences are tried to be explained
psychophysically; however, they provided a causal explanation that people like colors that are strongly
associated with objects they like more and dislike colors that are strongly associated with objects they
dislike. Similarly to adults, it can be thought that children may prefer colors that are associated with
objects they like more.

Children's Color Preferences

For a long time, scholars have been interested in the question of "Do people's color choices alter
depending on age and gender? Children's color preferences were also discussed through various
theoretical opinions. One of these teories is Gender Schema Theory. The Gender Schema Theory
contends that after coming to terms with their gender identity, children start to look for information
about gender in their environment and absorb it into their gender schemas. As a result, they consider
what is and is not gender-appropriate behavior. It can be argued that kids choose colors based on the
knowledge they have about gender. Children are inundated with information from an early age, such as
that blue is a boy's color and pink is a girl's color, and this influences the children's color choices (Martin
& Halverson, 1981; Yeung & Wong, 2018). Despite its limitations, some study has been done to
determine whether or not culture shapes children's gender-based color choices. The majority of these
studies come from the west, but there are also research from China, Japan, and Indonesia. These research
did not provide conclusive evidence that culture affects gender-based color preferences. When studies
on cone contrast sensitivity, an innate condition, are examined, it is discovered that cone contrast
sensitivity differs in boys and girls due to some tasks like picking fruit or going hunting during the early
human period. It is stressed that this difference in cone contrast sensitivity is the cause of the gender
differences in color preferences (Alexander, 2003; Chattopadyyay et al., 2010; Hurlbert & Ling, 2007).

There are studies showing that the color preferences of young children differ according to
gender. However, this issue is controversial. In a study on the early years of early childhood, it was
found that two-and-a-half-year-old girls preferred pink more than boys (LoBue & Deloache, 2011).
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Gendered preferences for pink and blue begin when children turn 2 years old and strengthen as they
grow older (Jadva et al., 2010; Wong & Hines, 2015). In another study, the color preferences of three-
and four-year-old toddlers were listed as red, pink, navy blue, yellow, bright green, bright blue, dark
green, brown, and black, and there was no significant difference in color preferences in terms of gender
(Zentner, 2001). The results of some of the studies showed that the most preferred colors of children
were blue, yellow, and red (Meerum Terwogt & Hoeslma 1995). Black, brown, and dark brown are
generally disliked colors (Baniani, 2022; Pranckeviciené et al., 2009). According to Pitchford and
Mullen (2005), gray is also significantly less preferred by children. In the same study, the authors
suggested that color names such as brown and gray are also less common in children's speech; therefore,
color preference may be linked to linguistic input and developing color cognition. The above
explanations show that children's color preferences change with age. However, more evidence is needed
to say that color preferences vary by gender.

Some of the other studies have also investigated the relationships between the color preferences
of people aged seven years and adults (Baniani, 2022; Gyu Park, 2014; Mohebbi, 2013) and various
variables. For example, Baniani's (2022) research results are interesting. The results showed that
primary school students' least favorite color was pink. He found that male students preferred the color
black in clothing. The reason why black color is preferred is that it does not show dirt. Some studies
have focused on the clothing color preferences of 7-9-year-old children (Kilinc, 2011). Comprehensive
studies on 48-84-month-old children's favorite-disliked colors and artificial-natural object and entity
color preferences are limited. Only one study was found in which it was determined that the color
preferences of Turkish children aged 7-9 years for five different types of clothing differed according to
age and gender (Kilinc, 2011). Research on children's color preferences is not limited to color liking and
textile products. For example, one study focused on toy preferences. The results revealed that girls were
interested in masculine toys and pink toys (Weisgram et al., 2014). In another study, children's space
color preferences were investigated. Read and Upigton (2009), in a study on the subject, found that the
first color preferred by 3-5 year old children in interior color is red. In the same study, they found that
girls preferred red and purple. The reason for this is thought to be that purple is one of the intermediate
colors that may appeal more to the child due to its mixture of blue and red. In a study on space color
preference, Gyu Park (2014) found that the saturation of color in interior room wall colors was
associated with the preferences of 7-11 year old children in the red, green, blue, and purple-toned color
family, and the lightness quality of color was associated with the preferences of 7-11 year old children
in the yellow color family. In the same study, it was reported that girls preferred red and purple more
than boys. However, the studies given above are aimed at children under the age of 5 or above the age
of 7. When the studies given above are examined, it is seen that they focus on children under the age of
5 or over the age of 7. For example, Kili¢ (2011) investigated the color preferences of children over the
age of 7 for a limited number of dresses. Other studies have also focused on space color preferences.
The least focused age group in the literature is children aged 48-84 months. In this study, only the color
preferences of 48-84-month-old children were tried to be handled in a wider context (likes/dislikes
colors, objects, living-inanimate objects, space, etc.)

The results of a study on hospital environments also showed that children prefer environments
with colorful decorations (Nourmusavi Nasab et al., 2020). The results of a recent study showed that the
hue, saturation, and value of colors for preschool indoor and outdoor playgrounds were influenced by
the hue, saturation, and value of colors; five- to six-year-old children preferred cool colors with a
saturation and value of 75 for indoor playgrounds and light colors with a saturation of 75 and value of
50 for outdoor playgrounds (Mousavi & Tabatabaei, 2022). As seen in the research results it is
understood that young children prefer cooler colors and colored decorative materials in interior spaces
and interior decorations.

Children's color liking may also be related to emotions. The results of Boyatzis and Varghese's
(1994) study showing that children tend to respond positively towards bright colors (e.g. pink, blue, red)
and negative feelings towards dark colors (e.g. brown, black, gray) are also evidence of the relationship
between colors and emotions. In the same study, it was found that emotional reactions to bright colors
became more positive with age and that girls in particular preferred brighter colors and disliked darker
colors. The results of another study in which color and emotional preferences were determined showed
that blue was preferable to red for seven-year-olds (Meerum Terwogt & Hoeslma, 1995). This result is
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evaluated as a positive response to blue. The results of a study on the relationship between food type
and color preferences of 5-9 year old children are quite interesting. It was found that children chose
candies in red, green, yellow, and orange colors, respectively (Walsh et al., 2012).

As can be seen in the relevant literature, some of which is given above, there are studies in which
the color preferences of children/young people of different ages and/or object color preferences are
associated with various variables (Baniani, 2022; Mohebbi, 2014; Xu et al., 2022). The color preferences
of children aged 48-84 months is an area where less investment is made. Our knowledge about the color
preferences of 48-84 month old children is limited. However, until now, there has not been enough
research on the color preferences of different natural/artificial objects involving a large group of
participants.

Current Study

In the present study, children's color preferences for their top three favorite and least favorite
colors, as well as their color preferences for eight types of objects (four types of clothing, two places,
one animate and one inanimate objects) were comprehensively examined with a large group of
participants. Thus, more detailed data on the color liking and preferences of 48-84-month-old children
were gathered compared to existing research. For the reasons explained above, it is thought that the
study will contribute to the literature. Thorough understanding of children's color preferences for various
objects is an important issue for educational psychology from a theoretical point of view, teaching
material and environment design fields, interior and exterior design fields, and toy and clothing
manufacturers for children. It is thought that the results of this research can contribute to the field of
educational psychology, instructional material design, all sectors producing for children, and cultural
pedagogy by determining children's color preferences. In line with the above-mentioned conceptual
framework, The research problem addressed in this study is that the color preferences of Turkish
children aged 48-84 months have not been extensively investigated.

This study aims to determine the distribution of 48-84-month-old children's color preferences
for their favorite/disliked three colors and eight types of objects according to gender and age levels. The
following questions were sought to be answered in the study: (1) What are the three favorite colors of
boys and girls aged 48-84 months? (2) Which colors do 48-84-month-old boys and girls prefer the most
for artificial/natural objects such as balls, school, bags, houses, t-shirts, trousers, hair, and trees?

Method

This is a descriptive study. The study model is a general survey model. In general survey models,
to make an inference about the population, a survey is conducted based on the sample determined from
the population (Creswell, 2012). In this study, the three favorite/disliked colors of 48-84-month-old
children and their color preferences for objects and objects were described as they exist to make
inferences about the population. For this reason, it can be said that the general survey model is suitable
for the study.

Study Group

The study group consists of 48-84 months old children studying in Hendek district of Sakarya
province. A total of 359 individuals participated in the study, who were determined by convenience
sampling and whose parents' consent was obtained for voluntary participation, participated in the study.
Demographic data for the participant students are given in Figure 1.
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Fig 1. Demographic data for the participant

When Figure 1 are analyzed, 60.75% of the participants (212 people) were 72-84 months old
and 39.25% were 48-61 (137 people) months old. Among the 72-84-month-old participants, 30.66%
were boys (107 people) and 30.09% were girls (105 people). Among the participants aged 48-71 months,
18.62% were boys (76 people) and 21.47% were girls (82 people). A total of 359 people participated in
the study. The data from three participants whose data were invalid were excluded from the data set.

Data Collection Process

Data were collected through demographic information and two questionnaires. First, voluntary
consent was obtained from the parents of the participants. Then, interviews were conducted with the
participants in the places determined by the authorities in the schools. The colors of the children
participating in the study were confirmed by their knowledge teachers. Interviews with participant
children lasted 7-10 minutes on average. After the interviews were completed, the data set was created.
For the first study, children's favorite/disliked color names were first extracted, and then each color was
assigned a numerical code. If more than one color name was mentioned in response, it was coded as
"number 25 is very colorful". Conditions in which the participant children did not want to indicate a
second or third color preference were coded with the label "No color number 26", and colors that referred
to sports team or person names (e.g. Fenerbahce color, Spiderman color, etc.) were coded as "number
27",

Data Collection Tool

Two questionnaires were used to gather the data for this investigation. In both social sciences
and educational sciences, questionnaires are the main methods of data collecting (Ekiz, 2009). The
survey orientations linked to color preferences were established as the questionnaire forms were being
created after a research of the literature. Three colors were typically requested in the studies, it was
noted. The participants in this study were first verbally questioned about their three favorite and least
favorite colors. Second, the items and objects that kids their age group regularly come into contact with
in their daily lives and surroundings were identified. According to the literature research, questions
about children's preferred colors for indoor and outdoor spaces as well as textile products were asked.

According to the current research, it was decided to interview kids about their preferred colors
for outdoor areas like their homes and schools, as well as for clothing like t-shirts and trousers. However,
it was decided to include questions on color preferences for objects like bags, balls, and objects like
trees and hair to the survey questions to reveal information about the color preferences of manufactured
and natural objects. This decision was made in accordance with expert advice. The primary goal of this
research was to identify children's preferred and least preferred colors. For this reason, the questionnaire
questions were presented verbally, and the kids were asked to list their three favorite and least favorite
colors, respectively, before answering the questions. The next step was to ask the kids to identify the
item and choose their preferred color. researchers recorded children's responses on the questionnaire
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forms as they were provided. For the content validity of the questionnaire forms, expert advice was
sought. Regarding the format of the questions to be posed to children for Study 1 and the quantity of
objects for Study 2, the opinions of two field experts and one measurement and evaluation expert were
obtained. In accordance with the recommendations of the subject matter experts, the number of objects
was increased to 8. After evidence was collected about the scope and comprehensibility of the survey
questions, the data were collected. Expert opinion was taken for the survey questions. In line with the
feedback from the experts, natural and artificial assets were determined.

Data Analysis

The data in the study were analyzed using cross-tabular analysis. The approach of percentage
and frequency analysis is appropriate when the data are categorical variables (Pallant, 2020). On
categorical variables, cross-tabulation was utilized to generate comprehensive data. However,
participants' opinions on a variable topic like preference may also include extreme values. In fact, it was
found in this study that a tiny proportion of children offered names of colors they like, including gray,
dark navy blue, dark green, and light blue. However, a small number of color preferences were included
in the data set as it is under the objective of the study as the objective of the study was to report the
situation as it is. With the help of the SPSS 25.0 application, the data were examined.

Findings

In this study, the favorite/disliked colors of 48-84-month-old boys and girls and their color
preferences for space, animate and inanimate objects were investigated. For this purpose, firstly, the
three favorite/disliked colors of 48-84-month-old children were determined. In the second stage,
children's color preferences for various places, animate and inanimate objects were determined.

Study 1

For Study 1, the % findings obtained from the Cross Table analysis regarding the three colors
that 48-84-month-old children like/dislike according to gender variable are presented in Table 1.
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Table 1. The Three colors that 48-84-month-old children like according to gender and age variable

Color 48-71 age Total 72-84 age Total
Boy % Girl % Boy % Girl %

White 4.6 2.8 3.6 2.8 1.9 24
— | Yellow 13.8 5.6 9.5 17.8 6.7 12.3
5 | Orange 6.2 0 2.9 7.5 2.9 5.2
8 Pink 4.6 47.2 27.0 0.9 42.9 21.7
@ | Red 23.1 18.1 20.4 19.6 12.4 16.0
'S | Purple 3.1 194 11.7 0 21.9 10.8
& | Brown 15 1.4 15 0 0 0

Green 4.6 0 2.2 3.7 2.9 3.3

Blue 32.3 5.6 18.2 34.6 8.6 21.7

Grey 0 0 0 1.9 0 0.9

Dark 6.2 0 2.9 11.2 0 5.7

White 6.2 4.2 5.1 6.5 1.0 3.8

Yellow 9.2 15.3 124 18.7 6.7 12.7
~ | Orange 7.7 2.8 5.1 12.1 2.9 7.5
5 | Pink 7.7 29.2 19.0 3.7 22.9 13.2
8 Red 26.2 20.8 23.4 19.6 15.2 175
@ | Purple 0 13.9 7.3 2.8 28.6 15.6
'S5 | Brown 15 0 0.7 1.9 1.9 1.9
§ Green 20.0 5.6 12.4 12.1 7.6 9.9

Blue 15.4 8.3 11.7 159 9.5 12.7

Grey 0 0 0 0 0 0

Dark 6.2 0 2.9 6.5 3.8 5.2

White 3.1 2.8 5.1 6.5 6.7 6.6

Yellow 215 6.9 12.4 11.2 16.2 13.7

Orange 12.3 11.1 5.1 6.5 5.7 6.1
@ | Pink 7.7 5.6 19.0 3.7 13.3 8.5
S | Red 9.2 16.7 23.4 15.9 21.9 18.9
O | Purple 3.1 15.3 7.3 7.5 9.5 8.5
£ | Brown 15 1.4 0.7 0 1.9 0.9
2 | Green 15.4 194 124 24.3 8.6 16.5
& | Blue 15.4 13.9 11.7 17.8 10.5 14.2

Grey 3.1 2.8 0 0.9 0 0.5

Dark 6.2 4.2 51 5.6 5.7 5.7

Very Colorful 15 0 0.7 0 0 0

As seen in Table 1, the first favorite color of 48-72-month-old girl participants was pink
(47.2%), the second was pink (29.2%), and the third was green (19.4%). According to the results of all
three applications, it can be said that the other colors most preferred by 48-72-month-old girls are red,
purple, blue, and yellow. The first favorite color of 48-72-month-old boy participants was blue (32.3%),
the second was red (20%), and the third was yellow (21.5%). Other colors that stand out among the
preferences of 48-72-month-old boy participants are green and orange. The first favorite color of 72-84-
month-old girl participants was pink (42.9%), the second favorite color was purple (28.9%), and the
third favorite color was red (21.9%). The first favorite color of 72-84-month-old boys was blue (34.6%),
the second favorite color was red (19.6%), and the third favorite color was green (24.3%). It can be said
that the other favorite colors of 72-84-month-old girls are red and blue. While the color green is among
the most preferred colors of the boy participants in this age group, it cannot be said that the girl
participants prefer it very much. When all the data in the table are evaluated together, it is understood
that pink and its shades are the most preferred colors for girls and blue for boys, red is among the leading
favorite colors for all genders in both age groups, and yellow is among the other favorite colors of 48-
84 month old girls and boys. In summary, children in this age group seem to like bright and warm colors
more. The % findings obtained from the Cross Table analysis of 48-84-month-old children's three
favorite/disliked color preferences according to gender variable are presented in Table 2.
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Table 2. 48-84-Month-old children's three disliked color preferences according to gender and age
variable

Color 48-71 age Total 72-84 age Total
Boy % Girl % Boy % Girl %

White 4.6 2.8 3.6 4.7 6.7 5.7
Light Yellow 3.1 2.8 29 2.8 0 14

< | LightOrange 1.5 2.8 2.2 2.8 7.6 52
< | Pink 13.8 1.4 7.3 27.1 4.8 16.0
O | Red 0 4.2 2.2 4.7 1.9 3.3
£ | Purple 10.8 2.8 6.6 13.1 1.0 7.1
S | Brown 9.2 11.1 10.2 5.6 11.4 8.5
O | Dark Green 9.2 16.7 13.1 8.4 8.6 8.5
Dark Blue 3.1 8.3 5.8 1.9 4.8 3.3
Grey 9.2 6.9 8.0 3.7 5.7 4.7
Black 35.4 38.9 37.2 25.2 47.6 36.3
Very Colorful 0 14 0.7 0 0 0
White 4.6 5.6 5.1 5.6 10.5 8.0
Light Yellow 6.2 1.4 3.6 7.5 1.9 4.7

« | Light Orange 10.8 8.3 9.5 9.3 6.7 8.0
5 | Pink 12.3 2.8 7.3 14.0 3.8 9.0
8 Red 6.2 4.2 5.1 4.7 5.7 5.2
o | Purple 4.6 14 2.9 18.7 3.8 11.3
= | Brown 215 22.2 21.9 8.4 19.0 13.7
2 | Dark Green 16.9 25.0 21.2 6.5 95 8.0
Dark Blue 15 6.9 44 6.5 114 9.0
Grey 4.6 2.8 3.6 0 0 0
Black 10.8 16.7 13.9 11.2 15.2 13.2
Very Colorful 0 0 0 0.9 0.0 0.5

No color 0 2.8 15 1.9 1.9 1.9
White 6.2 9.7 8.0 75 14.3 10.8
Yellow 13.8 5.6 9.5 6.5 6.7 6.6
Light Orange 10.8 12.5 11.7 7.5 2.9 5.2

™ | Pink 9.2 1.4 5.1 10.3 1.0 5.7
S | Red 15 6.9 4.4 5.6 5.7 5.7
S | Purple 6.2 2.8 4.4 9.3 1.0 5.2
g Brown 18.5 111 14.6 9.3 17.1 13.2
% | Dark Green 13.8 13.9 13.9 20.6 16.2 18.4
O | Blue 4.6 15.3 10.2 9.3 13.3 11.3
Grey 6.2 9.7 8.0 6.5 14.3 10.4
Black 7.7 111 9.5 6.5 7.6 7.1
Very Colorful 1.5 0 0.7 0.9 0 0.5

Table 2 shows the findings regarding the least favorite colors of 48-84-month-old children
according to gender and age variables. Accordingly, the most disliked color of 48-84-month-old children
is black (37.2%). This is followed by brown (21.9%), green (21%), and light orange (11.7%). The first
least favorite color for girls (38.9%) and boys (35.4%) aged 48-84 months is black. The second least
favorite color for boys is brown (21.5%). The third least favorite color for boys was brown (18.5%). It
can be said that the main colors that 48-71-month-old boy participants dislike the most are black, brown,
pink, dark green, and light yellow. For girls, the second least favorite color was dark green (25%) and
the third least favorite color was dark blue (15.3% N=28). The first color that 71-84 month old girl
participants disliked the most was black (47.6%), the second color was black (15.2%) and the third color
was brown (17.1%). Other colors that girls in this age group dislike the most are dark green and gray.
For boy participants aged 72-84 months, the first color they disliked the most was black (25.2%), the
second color was purple (18.7%), and the third color was dark green (20.6%). Another one of the most
disliked colors by boys in this age group is pink. If the above table is evaluated as a whole, black is the
most disliked color by the participants in all age groups. This is followed by brown. Another striking
finding is that pink is among the most disliked colors, especially by boy participants. It can be thought
that this may be a gender-related result.
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Study 2

In Study 2, participants’ color preferences for eight types of objects in their immediate
surroundings were determined and percentage values were calculated. The findings of Study 2 are
presented in Table 3.
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Table 3. Color preferences for objects

Objects Age Gender  White Yellow  Orange  Pink Red Purple Brown Green Blue Grey Dark Very Colorful
Tshirt Girl 6.9 11.1 6.9 22.2 12.5 6.9 14 0.0 16.7 14 9.7 2.8
48-71 Boy 12.3 15.4 3.1 7.7 13.80 0.0 6.6 15 20.0 0.0 10.8 7.7
Total 6.9 13.1 5.1 15.3 131 3.6 3.6 0.7 18.2 0.7 10.2 5.1
Girl 13.3 8.6 5.7 25.7 2.9 14.3 1.0 4.8 10.5 38 6.7 2.9
72-84 Boy 8.4 121 8.4 0.9 121 0.9 0.9 14.0 25.2 1.9 8.4 6.5
Total 104 10.8 7.1 13.2 75 7.5 0.9 9.4 17.9 2.8 7.5 4.7
Trousers Girl 9.7 6.9 5.6 12.5 11.2 4.2 2.8 5.6 25.0 4.2 9.7 2.8
48-71 Boy 9.2 10.8 3.1 15 9.2 6.2 31 4.6 323 15 16.9 15
Total 9.5 8.8 4.4 7.3 10.2 5.1 2.9 5.1 285 2.9 13.1 2.2
Girl 6.7 6.7 4.8 16.2 13.3 7.6 2.9 5.7 12.4 5.7 18.1 0.0
72-84 Boy 5.6 8.4 1.9 0.0 11.2 1.9 2.8 14.0 20.6 5.6 25.2 1.9
Total 6.1 7.5 3.3. 8.0 12.3 4.7 2.8 9.9 16.5 5.7 21.7 0.9
Bag Girl 1.4 6.9 5.6 26.4 12.5 12.5 5.6 5.6 111 1.4 5.6 5.6
48-71 Boy 3.1 6.2 46 4.6 26.2 0.0 0.0 9.2 20.0 0.0 12.3 10.8
Total 2.2 6.6 5.1 16.1 19.0 6.6 2.9 7.3 15.3 0.7 8.8 8.0
Girl 0.0 6.7 1.9 314 114 18.1 1.0 5.7 15.2 1.0 3.8 3.8
72-84 Boy 2.8 10.3 4.7 3.7 16.8 1.9 0.0 4.7 28.0 4.7 15.9 6.5
Total 14 8.5 3.3 175 14.2 9.9 05 5.2 21.7 2.8 9.9 5.2
Ball Girl 4.2 4.2 0.0 29.2 18.1 15.3 0.0 4.2 24.6 0.0 15 7.7
48-71 Boy 4.6 10.8 7.7 9.2 21.2 4.7 0.9 5.2 111 2.8 2.8 8.3
Total 4.2 4.2 0.0 29.2 19.7 8.8 2.2 5.1 175 15 2.2 8.0
Girl 3.8 5.7 4.8 28.6 22.9 8.6 1.0 4.8 11.4 0.0 3.8 4.8
72-84 Boy 7.5 15.0 7.5 0.9 19.6 0.9 0.9 5.6 19.6 1.9 6.5 14.0
Total 5.7 10.4 6.1 14.6 21.2 4.7 0.9 5.2 15.6 0.9 5.2 9.4
School Girl 5.6 12.5 5.6 22.2 19.4 6.9 14 8.3 19.4 6.9 1.4 8.3
48-71 Boy 12.5 6.2 7.7 7.7 15.4 15 4.6 10.8 15.4 15 4.6 10.8
Total 8.8 9.5 6.6 15.3 175 4.4 2.9 95 175 4.4 2.9 9.5
Girl 8.6 124 7.6 19.0 124 6.7 2.9 4.8 124 6.7 2.9 4.8
72-84 Boy 10.3 14.0 11.2 2.8 10.3 1.9 2.8 9.3 10.3 1.9 2.8 9.3
Total 9.4 13.2 9.4 10.8 11.3 4.2 2.8 7.1 124 6.7 2.9 4.8
House Girl 6.9 9.7 16.7 194 9.2 15 31 4.6 8.3 0.0 14 2.8
48-71 Boy 23.1 10.8 9.2 31 9.2 15 31 4.6 125 4.6 4.6 9.2
Total 14.6 10.2 13.1 11.7 6.6 8.8 15 6.6 10.2 2.2 2.9 5.8
Girl 9.5 9.5 5.7 124 114 124 4.8 8.6 8.6 2.9 3.8 1.0
72-84 Boy 14.0 11.2 3.7 1.9 9.3 3.7 1.9 9.3 25.2 3.7 75 4.7
Total 11.8 10.4 4.7 7.1 11.4 12.4 4.8 8.6 8.6 2.9 3.8 1.0
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Objects Age Gender  White Yellow  Orange  Pink Red Purple Brown Green Blue Grey Dark Very Colorful
Hair Girl 2.8 16.7 2.8 30.6 5.6 13.9 6.9 4.2 5.6 0.0 8.3 2.8
48-71 Boy 3.1 7.7 6.2 15 6.2 15 10.8 7.7 23.1 3.1 27.7 15
Total 2.9 12.4 44 16.8 5.8 8.0 8.8 5.8 13.9 15 17.5 2.2
Girl 1.9 28.6 1.9 21.0 6.5 0.9 11.2 3.7 5.7 0 13.3 1.0
72-84 Boy 6.5 131 1.9 0.0 95 13.3 38 0.0 17.8 0 38.3 0.0
Total 4.2 20.8 1.9 104 8.0 7.1 75 1.9 11.8 0 25.9 0.5
Tree Girl 4.2 2.8 2.8 6.9 8.3 8.3 6.9 44.4 14 14 5.6 6.9
48-71 Boy 15 6.2 7.7 9.2 7.7 15 16.9 29.2 6.2 15 6.2 6.2
Total 2.9 4.4 5.1 8.0 8.0 5.1 11.7 37.2 3.6 15 5.8 6.6
Girl 1.0 3.8 4.8 12.4 2.9 1.9 6.7 57.1 1.9 1.0 3.8 2.9
72-84 Boy 6.5 6.5 0.9 0.9 8.4 0.9 13.1 43.9 10.3 2.8 2.8 1.9
Total 3.8 5.2 2.8 6.6 5.7 1.4 9.9 50.5 6.1 1.9 3.3 2.4
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For the question "What color should your T-shirt be?", 48-71-month-old girl participants'
preferences were pink (25.7%) and boy participants' preferences were blue (20.20%). 72-84-month-old
girls preferred pink (25.7%) and boys preferred blue (25.2%) as their T-shirt color. Based on this finding,
it can be said that girls prefer pink and boys prefer blue as t-shirt color. For the question "What color
should your trousers be?", both girls (25.2%) and boys (32.4%) aged 48-71 months preferred blue.
Similarly, both girl (18.1%) and boy (38.3%) participants aged 72-84 months preferred black as the
color of their trousers. Based on this finding, it can be said that girls preferred pink and boys preferred
blue as t-shirt color. Inthe question "What color should your bag be?", 48-71-month-old girl participants
preferred pink (26.4%) and boy participants preferred blue (20%). 72-84-month-old girl participants
preferred orange (31.4%) and boy participants preferred blue (28%) as bag color. Based on these
findings, it can be said that girls in both age groups prefer pink and orange, while boys prefer colors
identified with gender such as blue. In response to the question "What color would you like your ball
to be?", 48-71-month-old girl participants answered pink (29.2%) and boy participants answered red
(22.2%). Similarly, girls aged 72-84 months preferred pink (28.6%), while boys preferred red or blue
(19.6%). In the multi-colored option, it was determined that the participants mostly mentioned the color
of their favorite sports team. Based on these findings, it can be said that little children prefer colors such
as red and blue, which are also related to gender, as well as colors related to a football team as ball
colors. It is understood that 48-71-month-old girl participants answered pink (22.2%) and boy
participants answered blue (15.4%) to the question "What color should your school be?". It can be said
that the participants in this age group mostly preferred pink, blue, and red as school colors. Girl
participants aged 72-84 months mostly preferred white-red and blue (12.4%), while boy participants
preferred white-blue (10.3%) and orange (11.2%) as school colors. Based on these findings, it is
understood that children prefer colors such as pink-red-blue as school colors, which have a high
correlation with gender.

It is understood from Table 3 that 48-71-month-old girl participants answered pink (19.2) and
boy participants answered white (23.11) to the question "What color should your house be?". 72-84-
month-old girl participants stated that they preferred pink-purple (12.4%), while boy participants
preferred white (14%) and yellow (11.2%) colors for their home objects. Based on this finding, it can
be said that girl participants prefer the color pink, which is mostly used indoors, and boy participants
prefer the color white, which is more commonly seen as an indoor and outdoor color for houses in real
life. Children's color preferences related to home seem to carry more traces of real life. To the question
"What color do you want your hair to be?", 48-71-month-old girls answered pink (30.6%) and yellow
(16.7%); boys answered black (27.1%) and blue (23.1%). Table 3 shows that 72-84-month-old girls
preferred yellow (28.6%), black (13.3%), and orange (21%) as hair colors, while boys preferred black
(38.3%), blue (17.8%) and yellow (13.1%). Another prominent hair color for both boy and girl
participants is brown. Based on this finding, it can be said that young children mostly prefer black,
brown, and yellow as hair colors in the realistic period. However, it was observed that some of the girls,
albeit in small numbers, preferred unusual colors such as pink, red, purple, dark green, and green, while
boys preferred blue. It can be thought that children with such unusual hair color preferences exhibit
more creative attitudes, emulate the hair colors of dolls and fairy tale heroes, or that gender-related color
preferences may be dominant. However, no correlational data were collected in this direction in the
study. Table 3 shows that both boy and girl participants in all age groups answered brown in the question
"What color should the tree be?". Girl participants aged 48-71 months preferred brown (44.4%), purple
(8.3%), and pink (6.9%) as tree colors, while boy participants preferred brown (29.2%), green (16.9%),
and pink (9.2%). Girl participants aged 72-84 months preferred brown (57.1%) and pink (12.4%) as tree
colors; boy participants preferred brown (43.9%), green (13.1%), and red (8.4%). Based on these
findings, it is understood that the participants of the study mostly preferred brown as the color of the
tree, or pink-purple-red, which refers to the flowers of the trees, and green, which refers to the leaves.

Discussion, Conclusion and Suggestions

The following findings were attained from this study undertaken to identify the preferred and
least preferred colors of 48-84 month old boys and girls, as well as their color preferences for various
objects. Pink was the participants' preferred choice among the other colors, which included red, purple,
blue, and yellow, for girls aged 48 to 71 months. In our study, girls were more likely than boys to list
purple as their top favorite color. For 48-71-month-old boy participants, the first favorite color was blue
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and the other color was red. Green and orange are two more colors that stand out among the preferences
of the 48-71-month-old boy participants. In conclusion, kids of this age seem to prefer bright and warm
colors more. Children between the ages of 48 and 84 months dislike black, brown, green, and light
orange the most. Black and brown are the most disliked colors by both girls and boys. It may be said
that black, brown, pink, dark green, and light yellow are the primary colors that the 48—71 month old
boy participants despise the most. Blue and dark shades of green are the second and third least popular
colors for girls. Black is the color that participants who were 71-84 month old boys and girls dislike the
most. The startling finding is that pink is one of the least favored colors, particularly among the boy
participants. One can speculate that this is a gender-related outcome. According to Baniani (2022), the
reason pink is disliked by boys is because it is thought of as a girl's color. It can be noted that our study's
findings are consistent with those found in the literature on children's favorite and least favorite colors
(Baniani, 2022; Meerum Terwogt & Hoeslma 1995; Mullen, 2005; Pranckeviien et al., 2009). According
to this survey, youngsters loved the colors blue, yellow, and red, while they disliked the colors black,
brown, dark brown, and gray the most. This situation may also be related to emotions.

The predominance of the colors they like is also observed in children's color preferences for
objects and objects in their immediate environment. For example, children mostly preferred red, blue,
pink, and yellow colors for objects such as balls and t-shirts. It can be said that the percentages of the
color preferences of these objects vary according to gender. For clothing items such as trousers, 72-84-
month-old boys preferred black color more than the blue color, while this was the opposite for 48-84-
month-old boys. Younger boys preferred blue color more than black color for trousers. Although black
is also the most preferred color for older girls, the most preferred trouser colors for both younger and
older girls are blue and pink. It can be said that children's color preferences for clothing items partially
overlap with the results of Pranckevicien¢ et al. (2009), who found that girls prefer bright colors (pink,
yellow, sky blue, spring green, orange) and boys prefer darker shades (blue, green, brown, black) in
their clothing habits. The results of this study are similar to the results of Baniani's (2022) study that the
most preferred colors of primary school students' clothing are red, blue, and black, and the color
preferred more by boys is black. However, it was observed that the clothing color preferences of young
children differed from each other in terms of black, pink, and white colors for trousers and t-shirts. For
this reason, it may be suggested that clothing color preferences should be addressed specifically for each
clothing item and the reasons should be questioned instead of generalizing.

It was concluded that 48-71-month-old children's color preferences for places such as home
were orange and pink, while their school preferences were pink, red, and blue. The home color
preference of boy participants in the same age group was white, while the school color preference was
red and blue. Children's color preferences for places such as home may be more influenced by the colors
they like or the colors of the houses they live in. The reasons for these preferences are also worth
investigating. Studies on the colors of facilities for young children indicate that although bright colors
are used, most of the walls are white and gray (Read, 2003). The most preferred colors for interiors such
as bedrooms are white and blue (Baniani, 2022). In a study conducted by Read and Upington (2009) on
interior color preferences, they found that girls prefer warm colors such as red and cool colors such as
purple, while girls prefer colors such as yellow and orange in lower ranks. For this reason, they suggested
limiting the use of yellow and orange colors in interiors. However, in our study, it is interesting that
orange is among the first preferred colors in the color preferences of girls for a place like home. This
result suggests that cultural context may also be effective in home color preference. However, it is
recommended that young children take part in the color design of spaces for children (Maxwell, 2000).
It has been determined by research that children take ownership of the environments-classrooms they
design (Maxwell & Chmielewski, 2008). When all these results are evaluated together, it can be said
that including children's color preferences in environments such as schools and homes can increase their
sense of ownership of the space.

It is quite striking that the color preferences for an object such as hair, which is directly related
to the child, are mostly realistic colors such as black and yellow. With the effect of the realist period, it
was determined that the hair color preferences of especially older boys and girls were also close to
reality. In addition, it was also found that unusual colors such as pink, red, and blue were preferred as
hair colors, especially by younger boys and girls. However, blue is also one of the second favorite hair
colors of older boys. This may be thought to be due to the cartoons that children watch, the heroes in
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the fairy tales they read, the colors in their toys, or the overgeneralization of the usage area of gender-
specific color.

The fact that children's color preferences for an entity such as a tree focus on colors such as
green and brown can also be seen as a manifestation of the influence of the realistic period on color
preferences. Similarly, it was determined that children imagined the spring-summer period in the color
of the tree, and since trees bloom in colors such as pink-red-white during this period, some children said
the appropriate color name for the flowers of the tree. Young children's preferences for object and entity
colors seem to overlap with their favorite colors. Again, the most popular colors are red, pink, purple,
blue, and yellow, which are correctly conceptualized at an early age. As a result, it can be said that
children’s color preferences reflect gender color attribution towards object colors, traces of the realistic
period might influence preferences for object-entity colors, and especially color preferences for objects
such as clothes may be identical to the most admired object. It is thought that children’s liking may also
affect their hair color preferences. For example, a child with black hair may emulate yellow hair color.

In this study, the children’s responses regarding favorite and least favorite colors, as well as
preferences for various objects and entities were determined. The children ranged in age from 48 to 84
months. Favorite color preferences in children primarily highlight gender. It may be advised to perform
investigations on the association between gender and color preference in future study since a similar
pattern might apply for the color preferences of items and assets. Future studies could investigate
children's color preferences for spatial environments and the colors employed in their immediate
surroundings.With the aid of the observation technique, it is possible to examine whether a child's
preferred color schemes are similar to those of natural objects and entities like hair and trees. The
creation of goods and materials for children can use children's preferred colors for things and people in
children's picture books, course materials designed to concentrate students' attention, or in the the
process of classroom instruction.

Ethical Considerations

The studies involved human subjects, and all procedures performed were in accordance with the ethical
standards of the institutional and/or national research committee. Permit of the ethics committee was
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